
Bulletin 

of the 

Torrey Botanical Club 


Voi.l'MK 73 


rot NDKI) BY \\ II. 1 . 1 AM Hl'NRV I ,K( it'.KTT 1S7<I 


Etillrn 

Harold W. Rickett 


Irving W. Bailey 
Edward \V. Berry 
Stanley A. Gain 
M. A. (Chrysler 
Harold H. Glum 


i Jr, <Utc I Jit')' i 

Adriance S. Foster 
Henry Allan Gleason 
Arthur H. Graves 
John \V. Shive 
K. P. Wodehouse 
Michael Levine 


N l* W Y O E K 

ri 4 6 


Published ior the Club 
by 

The Science Press Printim; Company 

I . A N C * S r F R, P t' N N $ Y E V A N IA 



CONTENTS 


A Nematode-destroying PJiyeoinyeete Forming Immotile Spores in 

Aerial Evacuation Tubes. Charles Drechsfer 1 

Cytogeography of Emilia Cass, in the Americas. p J. T. Baldwin, Jr. 18 
Jerome Bog, a Peat-filled “Carolina Bay” ... Murray F. Buell 24 

The Effect of Colchicine and Aeenaphtheue in Combination with X-rays 

on Plant Tissue—II Michael Levine 34 

Medicinal Herbaceous Species in the Northeastern United States. 

Ralph Holt (Ru nep 60 

Studies on Philippine Chlorophyceae—li. Survey of Literature and 

List of Recorded Species Prior to 1940. . William J. Gilbert 73 

A Review of the Status of Several American Species of Da lea. 

Robert T. Clausen 80 

Ficus tsjahela. * Mari/ F. Barrett 86 

Torreya . *. 91 

Editorial Note. Notes on the Mosses and Lichens of the Great 
Swamp (New Jersey) : William F. Rupp. Jr., and Janet L. (\ Rapp . 
Lippia lanceolata and Other Unusual Plants at Cross Lake, New 
York: W. C. Munischer and Babette J. Brown. Proceedings of the 
Club. 

Index to American Botanical Literature 96 

Carlton Clarence Curtis, 1864-1945 Edwin B. Matzke 103 

Further Studies on the Erysiphucoao of China F. L. Tai 108 

Noteworthy Plants of Texas—V. Additional Psoraleae. 

B. C. Tharp and Fred A. Barkley 131 
Types of Anthesis in Hemeroeallis and Their Heredity in Fj Hybrids. 

A. B. Stout 134 

The Mosses of Georgia—II. The Coastal Plain Ruth (). Schornhersl 155 
The Effect of Colchicine and Aeenaphtheue in Combination with X-rays 
on Plant Tissue—III MichuG In vine 167 

Remarks upon Certain Hawaiian Labiatae and Compositae. 

Earl Edward Sherff 184 

The Gilia aggregata Group Edgar E. Wherry 194 

Torreya 203 

Short Articles and Notes. Notes on the Grasses, Sedges and 
Rushes of the Great Swamp (New Jersey) : William F. Rapp , Jr. 
and Janet L. C. Rapp. Additional Introduced Plants in the Aleu¬ 
tian Islands: Egbert II. Walker . Plantas Medicinales. Aromatieas 
o Venenosas de Cuba (Review). Proceedings of the Club. 

Index to American Botanical Literature 208 

Proposed Names for the Phyla of Algae . . George F . Pajwnfuss 217 



A Curious Fungus on Opuntia K. 0. Dodge 219 

Further Consideration of Glandular Leaf Hairs of Tobaeco and of Their 

Significance' Frederick A. Wolf 224 

On the Use of Artificial Heat in the Preparation of Herbarium Speci¬ 
mens .. . W. II. Coni]) 235 

''fhe Evaluation of Taxonomic Characters of Cultivated Bntssica with a 

Key to Species and Varieties—f. The Characters Von Gee Hun 244 
Banisteria caaj)i Spruce: its Chromosomes J. T. Baldwin , Jr. 282 

Studies in the Sapotaceae- V. The South American Species of Chry- 

sophyllum Arthur Cronquist 286 

The Case of the Vanishing Ficus racemosa Mary F. Barrett 312 

Studies in the Carvophyllaceae-—1 Bassett- Maguire 326 

Judex to American Botanical Literature . , 327 

A Physiological and Biochemical Basis for Research on Fungicides. 

David Gottlieb 339 

Notes on Three South African Rusts M. J. Thirumalaehar 346^ 

The Use of Embryologies! Formulas in Plant Taxonomy Thiodor Just 351 
Sierra Tacuichamona—A Sinaloa Plant Locale Howard Scott Gentry 356 
Najas arguta in Central America and Its Relationship to X. wrightiana. 

Rolurt T. Clausui 363 

Notes on Trifolium James S. Martin 366 

/fhe Evaluation of Some Taxonomic Characters of Cultivated Brassiea 

with a Key to Species and Varieties —11. The Key Yon Gee Sun 370 * 
Torreya 378 

A Catalog of Illinois Algae (Reviar). Field Trip Reports. Pro¬ 
ceedings of the Club. 

Index to American Botanical Literature 381 

ilcterokaryosis, Matimr-type Factors, and Sexual Reproduction in 

Neurospora Eva Richardson Sansome 397 

Self-sterility in * 4 Bisexual" Heteroearyons of Neurospora B. 0. Dodge 410 
Sporangia! Propagation of Blue Mold Fungus on Aseptieally Grown 

Tobacco Seedlings Robert A. Steinberg 417 

Structure and Reproduction of Trichogloca requienii, with a Compari¬ 
son of the Genera of Helminthocladiaceae George F. Papcnfuss 419 
Cytogenetics of Datura fastuosa L P. X. Bhaduri and A. K . Sharma 438 
Notes on the Vegetation of* Sierra Nurotato in Northern Sinaloa. 

Howard Scott Gentry 451 
Glyceria pallida and G. Ferualdii Norman C. Fassett 463 

Studies in the Sapotaeeae--VI. Miscellaneous Notes. 

Arthur Cronquist 465 

Torreya 472 

Proceedings of the (dub. News Notes. Turtox Microscopy Book¬ 
let (Review). 

Index to American Botanical Literature 


481 



Sequin puluhelluni: a Physiological and Morphological Comparison of 
’Diploid, Tetraploid, and Hcxaploid*Raees .. Harriet E. Smith 495 
A Compound Leaf with Annual Increments of Growth. 

Alexander F. Skat eh 542 
The Origin of the Microsporangium of Pseudotsuga George S. Allen 547 
A Species of Harposporimn Invading Its Nematode Host from the 

Stoma . Charles Drechslcr 557 

Anomalosicyos, a New Genus in Cueurbitaeeae Howard Scott Gentry 565 
Nomenclatural Notes and a New Species of Cuscuta T. G. Yanekfr 570 
Dalea emphysodes, an Invalid Name Robert T. Clans< n 572 

The Role .of Certain Environmental Factors in Growth and Reproduc¬ 
tion of Protosiphon botryoides Klebs—1. Races. Strains, and 
Clones Sister Maria Laurence Maker, I.II.M. 573 

Torreya 588 

Tinian Plants Collected by R. S. Cowan, Pacific Plant Studies No. 

5: Harojd St. John. New and Interesting Plant Records: Harold 
N. Moldenkf. Another Station for Laetuca stolonifcra : Harold Y. 
Moldenkf. Field Trip Reports. News Notes. . 

Index to American Botanical Literature 596 

Index to Volume 73 607 

Dates of issue of Volume 73 

No. 1, for Jamiaiy-Fehruary, 7 January 1946. 

No. 2, for March-April, 1.” Mmvii 1040. 

No. JJ, for May-June, S May 1940. 

No. 4, for July-*-August, 3 Juh 1940. 

No. J, for Noptiunber-Oetober. 17 September 1940. 

No. C), for November-I >ecomber, 17» November 19-^j. 

ERRATA 

p. 130, 1. S. For 1 ‘ Siegsht cTia * ’ mid “ Siegesbi Hoi." 

p. 132. The varieties of Psoralidium iinntrifolhtni should read * 4 polodttrt n.\< 9 ’ au<l 
* 4 texensc. ’ ’ 

p. 102-104. For (i Louiides’ 1 road everywhere 1 ‘Lowndes’* |Comity, Georgia], 
p. 302. Fnd<;r (\ marginatum var. waryinataiu, the word hum following f. may- 
(mioidfs p should be in italic. ♦ 

p. 310, 1. 16 from bottom. For “(1806)“ read “(1890).” 
p. 322, 1. 20. Between ‘‘out” and “many” insert “not.” 
p. 323, 1. 2. For “synonym” read synonymy. “ 

p. 358, J. 29. For Snlaniun * * amoxottinm" read “ammonium.” 1. 2 from bottom. 
For Burner a 4i arbor escra ’ 1 read i * arburra. * * 

p. 359, 1. 10. For * ‘ Di/oxjt’roH read “ Piftspi/ros.* * 

p. 362, 1. 14. The word species should be in Roman tvpe. 

p. 461, 1. 1. For Psittaranlhus * * macronlhmus* ’ read “ macron f herns.” 

p.,468. For Ox if three “ Srhomhuryfrianum” read * ‘ Schonibnryl'iana.' * 

p. 499,. 1. 3 above footnote. For Trade scant i<t * * eaniculuta’ ’ read * ‘ eanalieutata.’ * 



BULLETIN OF TIIE TOSKEY BOTANICAL CLUB 
Vor.. T.i, No. f, j)j). 1—17 .Ta.vi akv, 1946 


A NEMATODE-DESTROYING PHYCOMYCETE FORMING 
IMMOTILE SPORES IN AERIAL EVACU¬ 
ATION TUBES 

Charles Drechsler 1 

A new uematode-destroving fungus whieli offers unusual features both 
in its parasitic* development ami in its asexual reproduction was obtained 
from partly decomposed leaves of the red maple (Acer rubram L.) that were 
taken, on August 27, 1044, from a thick mat of decaying foliage bordering 
a pond several miles north of Georgetown, Delaware. At-the time the collec¬ 
tion was made, the mat, about 20 cm. in depth, held only such % moisture as 
had been absorbed from the ground, but,its low position must have exposed 
it to Hooding whenever the pond was swollen by rain. In accordance with 
routine procedure small quantities of the friable detritus were added to maize- 
meal-agar plate cultures already thoroughly overgrown with either Pythnun 
ultimata Trow or P. undulaium Petersen sensu Dissmami. During the en¬ 
suing two weeks various forms of animal life, including nematodes in large 
part referable to the genera Acrobcloidcs, AphvU nclwidts, PUctux, and 
Hhabdit Is, multiplied freely in the cultures. The abundant eel worms soon 
were attacked by several widely distributed parasitic and predaceous by- 
phomyeetes such as Arthrobotryx oliyospora Fres. and Harpoxponum angttil- 
luhu Lohde. Somewhat later, 15) days after tlie plantings had been made, the 
new parasitic fungjis was first observed in small quantity in one of the plate 
cultures. Afterward it came to light also in more than a dozen other cultures 
of the same series. In all the cultures it attacked only a single species of eel- 
worm which Dr. G. Steiner has kindly identified as a species of Acroheloides 
clearly distinct though not widely different from A, butxchlii (De Man) 
Thorne so prevalent in the vicinity of Washington, D.V. 

The attack of the fungus begins with the adhesion of one or more of its 
conidia to the integument of a susceptible animal (fig. 1, a). Each of the 
adhering conidia puts forth a germ tube which maintains a width of approxi¬ 
mately 1 p in penetrating the host cuticle and in passing through the muscu¬ 
lar body wall. When the body cavity is reached the germ tube immediately 
widens out in the manner of a pestle (fig. 1, b). The entire protoplasmic con¬ 
tents of the conidium then migrate into the expanded tip (fig. 3, a, b) to form 
a globose bud which soon detaches itself as a young thallus ready for para- 

1 Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, 
l r . S. Department of Agriculture, Plant Industry Station, Beltsrille, Maryland. 
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sitie growth; the empty infection tube thereupon being nearly always lost 
to view, though the empty eonidial envelope may often be seen affixed in 
mill'll laler slaves (figs. 4, a; 33, a, b, e). 

The young tJiallus, loose withiji the body cavity of the host, gradually 
elongates despite the frequently rather active bustling to which it is sub¬ 
jected by the animal’s undiminished locomotion. "When its length has come 
to exceed its width 3 or 4 or 5 times a cross wall appears in the middle, divid¬ 
ing it into 2 subequal cells (fig. 23) only slightly larger than the parent cell 
was originally. The 2 daughter cells grow somewhat in size as they become 
rounded otf at tie* median septum in preparing for disjunction (figs. 2, a; 
30), an event apparently hastened a little by the repeated flexural strains 
resulting from active movements of the eel worm. The separated unicellular 
bodies then gradually elongate and in due course, like their parent, undergo 
median partitioning and disjunction (fig. 31). lie fore long, on continued 
repetition of the same developmental sequence, a dozen t ha I Iodic, cells are 
to be seen jostled about in loose disorder (fig. 32). Far from affecting these 
cells unfavorably, the jostling seems actually to help them in extending their 
distribution lengthwise within the animal, and more particularly in pushing 
them slowly through the narrowed portion of the body cavity when* the 

Explanation of figures 1- 28 

(»<nnmorlutt h hamdnlu , drawn to a uniform magnification with the aid of a camera 
lurid!!: - loan. Fin. 1. Small specimen of Arndt* loidt s sp. in early stage of infection 
from 2 adiieimg emiidia. a and b; the infection tul»e from h is extended at an angle 
affording a good view. Fig. 2. Small specimen of Arndt* loidt .s sp. with 2 adhering conidia, 
a and b, that have yielded their protoplasmic contents to the terminal enlargements within 
the body cavity of the host. Fig. 3. Small specimen of Arndt*Inidrx sp. containing in its 
body ca\ify a nniseptate thallius whose 2 cells are about to become disjointed. Fin. 4. Pos 
terior portion of infected specimen of Arndt* h»id*x sp. with an empty spore envelope, a, 
adhering to it externally, and with H thnUodic cells contained inside of it ; one of the cells, 
b. having just begun to put forth a hyphal outgrowth, the other 2 cells, c and d, having 
each completed production of a lnphal outgrowth. Fin. 5. Large thallodic cell. Fin. fi. 
Thallodic cell in course of extending a hyphal outgrowth. Figs. 7-9. Thallodic cells with 
fully extended hyphal outgrowths. Fuss. 10~K{. Thallodic cells with hvphal outgrowths 
whose emit mils are arranged in alternate granular and homogeneous layers, indicating 
cleavage into spores. Fig. 14. Same sporangium as in figure Kb but after it spores have 
been liberated in a first discharge. Fin. 15. Same sporangium, again, as in figure K>, but 
after 2 more spores have been liberated by a second discharge. Figs, lit, 17. Thallodic 
cells with sporuugiul hvphae ready for discharge of spores. Figs. 18-22. Thallodic cells 
with sporangia! hvphae. nft* r discharge of a few spores from each. Fig. 2lb Large thal 
Iodic cell whose sporangia! hypha lias liberated lb spores, 1 spore being still attached to 
the closed end of tin* persistent ha.sal part of tubular membrane; the proximal end of each 
spore is distinguished internally by an accumulation of granules. Fig. 24. Rather small 
thallodic cell whose sporangia! hypha retains some protoplasm, after it has discharged 4 
spores. Fig. 25. Large thallodic cell whose sporangial hvpha retains some protoplasm ami 
S spores, following the liberation of one or more spores at the tip. Fig. 2f>. Liberated 
spores of more than average size. Fig. 27. Spores that after their liberation have each 
put forth an adhesive protuberance. Fig. 28. Spores «-/, each of which has put forth an 
adhesive protuberance while still inside the envelope of the sporangia! hypha. 
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oesophageal bulb occupies nearly the entire lumen of the body wall. Owing 
to the greater frequency of anterior infections, the portion of body cavity 
forward of the bulb is usually occupied earlier than the posterior portion. 
However, development of the fungus around the yielding intestine would 
seem to proceed more rapidly than about the resistant oesophagus, for when 
the thallodie cells have attained their definitive number they are usually 
found distributed rather evenly from one end of the animal to the other. 
As might be expected from the manner of multiplication, the definitive num¬ 
ber of thallodie cells—commonly between 15 and 80—is little influenced by 
the number of original infections, but is determined primarily by the size 
of the individual animal host. 

After their multiplication has ceased the thallodie cells grow in size with¬ 
out undergoing any pronounced change in their elongate ellipsoidal or occa¬ 
sionally subspherieal shape. They increasingly choke the body cavity, yet for 
a protracted period the animal continues to move about with little show of 
distress or physical weakness. In many instances its behavior remains seem¬ 
ingly normal even after the total volume of the fungus cells appears approxi¬ 
mately equal to the combined volume of its musculature and organs. Some¬ 
what later, however, its locomotion slows down gradually and stops, disable¬ 
ment here being accompanied by incipient evanescence of the peripheral 
musculature. fTsualJy the body wall backward from tin* oesophageal bulb 
begins to fade from view somewhat earlier than the anterior portion of tin* 
wall. In all eases, certainly, the oesophagus and bulb resist dissolution far 
better than the intestine or, indeed, than any other fleshy part. Thus, in the 
specimen shown in figure the oesophagus and bulb, though crowded from 
their normal position, could still he clearly distinguished at a stage when all 
other contents had been reduced to diaphanous vestiges. Eventually these 
durable muscular parts also suffer obliteration in some degree, even if in 
more than a few instances they remain discernible when the thallodie cells 

Explanation of figures 29-36 

GonimocharU 1 horridula , drawn to a uniform magnification with tlic aid of a camera 
Jucida; v 500. Figs. 29, 30. Specimens of ArrobtfoUhx sp., each infected l»y a single uni 
septate thallus. Fig. 31. Anterior portion of a specimen of At'rttbtUmltx sp. infected with 
3 uniseptate thallodie bodies. Fig. 32. Specimen of Aerohcfoitics sp. infected with 12 
thallodie bodies, some continuous, others uniseptate. FiO. 33. Large specimen of Jrro- 
brloides sp. killed by parasite, following infection from 3 conidia, a-c, and development 
of 70 thallodie cells in its body cavity. Fig. 34. Specimen of Acrolx loitUs sp. killed and 
expropriated of contents through development of 40 thallodie bodies of the parasite; many 
of the bodies have begun to extend sporangia! hyphae. Fig. 35. Integument of a specimen 
of Acrribeloiden sp. occupied by 34 empty thallodie cells whose contents have been utilized 
for production of spores; most of the sporangia! hyphae, including the 15 designated by 
the letters from a to o are shown in ascending posture; 4 others, p, q, r, and s, being shown 
in submerged positions. Fig. 36. Fifteen aerial sporanginl hyphae, a-o, Battened down 
in a moist preparation under a cover glass; these being the same hyphae as those desig 
anted by corresponding letters in the preceding figure. 
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have manifestly concluded their vegetative growth, to proceed with asexual 
reproduction. 

.Reproductive development is initiated by the extension of a single stout 
liyphal outgrowth from one end (figs. 4, b; 34) or from a position close to one 
end (fig. 4, (\ d) of the individual thallodic cell. To provide material for this 
outgrowth, the thallodic cell, which during the vegetative stage remains filled 
throughout with dispersedly granular protoplasm (figs. 5. 33), is progres¬ 
sively cleared of visible contents at the opposite end as if by the enlargement 
of a vacuole (figs. 4, b; (j; 34). The movement of materials proceeds steadily 
as the outgrowth forces its way through the host integument to continue its 
elongation externally (fig. 4, c, d). In occasional instances the protoplasmic 
column in the liyphal outgrowth may temporarily keep a slight foothold 
inside the ellipsoidal envelope (figs. 7-10) but as a rule this envelope is 
evacuated forthwith of all living contents. 

A conspicuous characteristic of the hyphal element is its strong prefer¬ 
ence for aerial development. Since in agar cultures the host animals habitu¬ 
ally live and feed on rather than under the surface of the substratum, they 
ordinarily succumb on the surface. For the most pari, consequently, the 
hyphal elements after emerging from flu* host integument are free to follow 
their natural bent in choosing between submerged, procumbent, and aerial 
development. Although some of the hyphae, especially those arising from 
thallodic cells covered or laterally hemmed in by their fellows, thrust their 
way into the agar or grow proeumhently over it, virtually all hyphae from 
favorably situated thallodic cells grow ascendingly into the air, and thus 
collectively offer a bristling appearance ( fig. 35) when viewed under a micro¬ 
scope with a dry objective. 

Soon after a hyphal element has attained definitive length its contents 
show significant changes. The granular constituents of its protoplasm, which 
during the period of growth remained rattier evenly distributed (tigs, (i, 7) 
are now brought together at intervals in a series of transverse clumps num¬ 
bering usually fom 2 to 11 (figs. 4, c. d ; 10-12). Beginning near the tip, lines 
of demarcation, often curving downward somewhat obliquely (figs. 13, lb, 
17), appear below the individual granular clumps, at first being only faintly 
visible, but gradually becoming more and more distinct. Suddenly, with an 
abrupt though hardly violent upward movement of the whole stratified 
column, the 2 or 3 or 4 parts delimited by the uppermost lines are pushed 
forward; and as ai the same time both their linear arrangement and their 
connections with one another become disrupted through buckling, they are 
revealed as discrete spores (figs. 14, 18, 19-22, 24), Apparently the newly 
liberated spores are somewhat adhesive, for in instances of aerial develop¬ 
ment they flip backward and remain elinging to the shortened hyplm in an 
irregular cluster. The portions of protoplasm still in the hyplm then undergo 





DRECJISLER: NEMAT0I)E~I)ESTR0Y1NG FUNGUS 


7 


further gradual individualization, and after a period of perhaps 15 to 30 
minutes 2 or 3 more spores are abruptly though gently pushed forward (fig. 
15). Many of the shorter hyphal outgrowths discharge only once or twice, 
but the longer hyphae originating from the more voluminous thallodie cells 
(fig. 23) may give 3 or 4 puffs; each successive increment of spores, in the 
case of aerial hvphae, becoming agglutinated to those already clustered at 
the tip. Sometimes the lowermost spore remains in place, attached to the 
empty hyphal membrane (figs. 23; 36, c). The occasional instances where 
several spores or, at times, nearly all of the spores remain in alignment 
(fig. 25) until tin- enveloping hyphal membrane disintegrates must he held 
to have their explanation in partial or complete failure of the discharge 
mechanism. 

Thus, in a general way, the hyphal outgrowth functions both as a spo¬ 
rangium and as an evacuation tube. Its operation in the latter capacity, 
however, shows marked peculiarity not merely in the gentle, intermittent 
propulsion of the spores, but also, and more especially, in a progressive 
wastage of the distal portion of the hyphal membrane, through which the 
original length of the membrane may he reduced by more than a half. It is 
not easily determined just how this wastage is accomplished. As the out¬ 
growth before discharge reveals no conspicuous modification of its apex, 
there is reason to believe that the initial rupture of the membrane is not 
usually at the tip, but more often between the apical and the penultimate 
spore; wherefore it seems probable that in the very beginning the tubular 
envelope is shortened through removal of a distal portion adnate to the 
apieal spore. If the tirst puff like discharge leaves unoccupied a portion of 
hyphal envelope at the new apex, this ordinarily disintegrates quickly, 
thereby further shortening the tube. Similar loss of membrane takes place 
with each succeeding puff, until discharge is completed. Another peculiarity 
then becomes manifest in that the abbreviated hyphal membrane is usually 
not left open at the tip, like evacuation tubes generally, but is closed securely 
by a terminal wall Oig. 36, a~o). Where deposition of such a wall is omitted, 
as is frequently the case in specimens submerged in an agar mount prepared 
for study under the microscope, the hyphal membrane and the empty enve¬ 
lope of the thallodie cell promptly collapse and are soon lost to view. Where, 
however, the lip of an ascending aerial element has been closed, the entire 
membranous container, like an ancient skin bottle, retains its turgor and 
shape for a prolonged period, with the result that the shortened hyphal ele¬ 
ment continues to project upward, bearing aloft its cluster of spores. In fine, 
through closure of its tip the hyphal element that previously had served as 
sporangium and evacuation tube is enabled to operate as a sporophore. Occa¬ 
sionally hyphal outgrowths in submerged or procumbent positions likewise 
become sealed distally, though here it is not evident that any purpose could 
be fulfilled by the continuing turgor of the evacuated receptacle. 
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When newly liberated the spores (figs. 14, 15, 18-20, 22-24, 26; 36, a-o) 
are of a generally cylindrical shape. In the shorter specimens the length 
scarcely exceeds the width, while in the longer specimens it may slightly 
exceed twice the width. Most of the spores are somewhat unsymmetrieally 
rounded or obliquely truncate at the ends; those formed terminally being, 
as a rule, quite readily distinguishable from their fellows since they regu¬ 
larly retain the symmetrically rounded apical contour of the parent hyphal 
outgrowth. All of them lack locomotor organs of any kind, and consequently 
are completely immotile. When brought into contact with a moist substratum 
they undergo incipient germination, each giving rise, often obliquely from 
one end, to a small excrescence (tie. 27) with a profile suggestive of the pro¬ 
truded head of a turtle. Judging from instances where frustration of the 
discharge mechanism has left the spores within the envelope of the parent 
kypka (fig. 28), the excrescence more often arises from the distal end (fig. 
28, a, e-f) than from the proximal end (fig. 28, b). As might be surmised 
from analogy with similar development in other fungi parasitic on free- 
living terrieolous nematodes, the germ protuberance is strongly adhesive ami 
serves an important function in attaching the spore securely to the integu¬ 
ment of a prospective host. 

The vegetative development of the fungus can be followed no less clearly 
than its asexual reproduction, owing to the fortunate circumstance that ani¬ 
mals infected by it suffer expropriation of their contents without showing 
the globuliferous degeneration through which the invasion of nematodes by 
nearly all parasitic and predaceous forms is often obscured to a troublesome 
degree. While the determination of its morphology and development in most 
particulars thus offers little difficulty, the taxonomic relationships of the 
fungus are not as obvious as might be desired. The general resemblance of 
its thallodie cells to the thalli of various zoospore-producing phycomvcetes 
that have been made known as nematode parasites— Chytridium vndoyvnum 
Braun (41), Chytridium zooticutn Braun (2), Cutenaria angudluhn Korok. 
(7, 41), Achlyogeion entophytum Schenk (40), and Myzocyiium v< rmicolum 
(Zopf) Fischer (11, p. 75; 44) may be cit»*d as examples—immediately sug¬ 
gests that the immotile spores could well have been derived through evolu¬ 
tionary processes from some type of motile zoospore. Loss of motility in 
zoospores might, indeed, readily be associated with adaptation to parasitism 
on free-living nematodes, since the very active locomotion of these animals 
in itself provides adequate opportunity for encounter between host ami para¬ 
site, thereby making independent movement of the parasite unnecessary, 
while at the same time encouraging strong adhesiveness as a feature of 
primary importance. The immotile spores of the fungus 1 have described 
(10) as Haptoglosm heterospora can be credibly interpreted as being homolo¬ 
gous w T ith zoospores not only by reason of their original subspherical shape 
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and their violent discharge from massive sporangia formed from eudopara- 
sitie thalli, but by reason further of the persuasive parallelism that is evident 
when their emission of individual glossoid infective bodies is compared with 
the emission of a second zoospore stage in diplanetic development of the type 
familiar in Achlya and Aphanomyces. However the immotile spores of the 
Delaware fungus are not typically subspherical at any time, and do not 
reveal anything suggestive of diplanetism or of any other developmental 
feature especially characteristic of zoospores. In respect to their ambiguous 
morphology they invite comparison with the acutely pointed tapering im¬ 
motile spores of the nematode parasite Profuse us subnlifornm Dangeard (8), 
which in shape likewise differ very markedly from zoospores, and which in 
manner of germination betray no particular homologies of any kind. If Maire 
(29) was able, with some credibility, to interpret the tapering spores as 
aplanospores equivalent to zoospores, it was mainly because the morphology 
of the thalIodic sporangium in which they were formed and the violent man¬ 
ner of their discharge, together with the morphology of the sexual apparatus 
ascribed by Maupas (30) to /\ subufiformis , gave grounds for recognizing 
a possible relationship to the zoosporiferous genera Achlyoycton and Myzo- 
cytium. 'While such relationship might he held similarly indicated for the 
Delaware fungus by the multiplication and outward morphology of its thal- 
lodie cells, parallelism with zoosporiferous phycomyeetes generally is not 
well sustained either in the behavior of its livphal outgrowths or in the inter¬ 
mittent maturation and discharge of its immotile spores. 

What would seem in some measure a departure from the usual course of 
development among zoosporiferous phycomyeetes is shown by the Delaware 
fungus in the complete evacuation of undifferentiated materials from the 
thallodie cell into a livphal outgrowth corresponding structurally to the 
evacuation tubes of various ehytrids and oomyeetes. Yet however alien such 
transfer of protoplasmic materials, followed by zoospore or aplanospore indi¬ 
vidualization within the filamentous element, may be to the genera Achly- 
(Hjetou, Myzocjftium , Profuscus , and Haptoyfossa « similar movement of con¬ 
tents occurs as a rather commonplace event in the germination of some 
oospores. Thus, for example, when the oospores of my Aphanowyct s camp- 
tostylus germinate by the production of zoospores, individualization of the 
swarm spores often takes place wholly within the germ hvpha (9, p. 340, tig, 
11, J). But while the sporogenous germ hyphae produced by Aphanomyces 
oospores are habitually extended into any deposit of liquid water that may 
be available, the sporogenous hyphal outgrowths of the Delaware fungus 
reveal a strong preference for aerial development wherever their positional 
relationships are not too unfavorable. To this preference, which even by itself 
would need to be regarded as very exceptional in an evacuation tube, are 
added further anomalous features in the curious evanescence of the distal 
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portion of the hyphal membrane during spore discharge, and in the terminal 
closure of the empty proximal portion persisting after discharge is completed. 

Most of the features that give difficulty in reckoning the Delaware fungus 
among the zoospore-producing phycomyeetes find striking analogies in the 
entomophthoraeeous nematode parasite 1 described earlier (10) as Mcri- 
stacrum ante rasper mum. In one species as in the other the thallodie, cells are 
completely evacuated of contents as the protoplasmic materials migrate into 
sporogenous hvphae that show a strong tendency toward aerial development. 
In both fungi, again, spore formation proceeds from the tip toward the base, 
and spore liberation is accompanied by rapid collapse and evanescence of a 
terminal portion of the hyphal membrane. The wall which in the Delaware 
fungus closes the empty portion of the sporogenous outgrowth offers good 
correspondence with the septum that in M. ast< rospermum proximally de¬ 
limits the lowermost sporogenous hyphal segment. M. astenispermum, it is 
true, forms its immotile spores not endogenously, like the Delaware fungus, 
but in a typically exogenous maimer by burgeoning them forth laterally 
from the several individual segments formed through deposition of cross¬ 
walls in the helicoid distal portion of the sporogenous hyplia. Although these 
exogenous spores, or eonidia, show unmistakable general resemblance to the 
much larger eonidia familiar in the insectivorous Entomophthoraceae, they 
would seem more accurately homologous with the small secondary eonidia 
whose production plurally from large primary eonidia. following simultane¬ 
ous emission of multiple sterigmata, was first made known by Costantin (5) 
as a distinctive feature of Delavroixiu curouaia (Cost.) Sace. & Sydow (‘W, 
p. 457) and more recently was also observed by Couch <(i) as an incidental 
phase in the development of his Couithnhohts lirefeldiauus. In accordance 
with such homology the large eonidium of D. coronata, and, by extension, 
the large eonidia of the Entomophthoraceae generally, would be morphologi¬ 
cally equivalent to the distal helicoid sporogenous portion of the hyphal ele¬ 
ment thrust into the air by the individual thallodie segment of 1 /. ustero- 
spermum. Similar parallelism, but relating to endogenous immotile spores 
rather than to eonidia, becomes evident when the Delaware fungus is com¬ 
pared with Basidiobolus rauarum Eidam: the distal sporogenous portion of 
the hyphal outgrowth in the former having its morphological equivalent in 
the large eonidium of the latter; and the immotile spores of the former 
corresponding to the secondary bodies formed plurally, according to Levi- 
solm’s (28) account, within the large eonidia of the latter after their ingestion 
by frogs, or often, too, on immersion in a glyeerin-peptone-glueoso culture 
solution. Levisohn discussed the endogenous bodies merely as products of 
multiplication, referring to them and to their development in language 
(Tochterzellen, Abkommlinge, Dannform, Konidienzerfall, Hyphenzerfall, 
Teilung) even less eonnotative of homologies pertaining to reproduction 
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than the term “Pahnellastadium” by whieli Raeiborski (38) bad earlier 
designated aggregations of similar bodies be found produced within mycelial 
segments when he grew B. rananim in a culture solution containing ammo¬ 
nium sulphate and glucose. Nevertheless in subsequent text-books on mycol¬ 
ogy (13, p. 118, 111); 12, p. 285; 1 , p. 115-117; 14, p. 147) the endogenous 
bodies have been interpreted as sporangiospores. and for the most part Levi- 
sohn's findings seem to be construed confidently as having established the 
sporangia! nature of the large conidia common to nearly all known members 
of the Entomophthoraeeae. It is not difficult to understand how an investi¬ 
gator dealing at first hand with B. rananim might well be reluctant to use 
terminology distinguishing between asexual reproduction and vegetative 
segmentation, for in that fungus, under natural conditions, the development 
corresponding to the formation of endogenous spores in the hyphal out¬ 
growths of the Delaware parasite takes place, apparently without much 
spatial separation, in the same milieu—the interior of the frog’s alimentary 
tract—as the vegetative multiplication corresponding in the Delaware para¬ 
site to the repeated fission of young thallodic eells inside the body cavity 
of the nematode host. The circumstances making for confusion of the repro¬ 
ductive and vegetative stages in />. rananim arc wholly absent in the Dela¬ 
ware fungus; so that this fungus---unless the parallelisms it offers are 
misleading—displays advantageously what would appear to he the primal 
manner of asexual reproduction in the family. The difference between its 
method of spore formation and the method of spore formation in M. asttvo- 
sf>< rmum seems approximately of the same sort as the difference between 
tin* types of asexual sporulation found, respectively, in ilucor and Cunniiuj- 
luimiUa: though the Dichfiiclnis-Uki* partitioning of the sporogenous hyphal 
tip in M. asti rnspennam has no equivalent in CunniiujhamrUa nor, for that 
matter, in /). comnata and (\ Br< I'rhlianus. It may he noted that the spores 
of . 1 /. ash ros/n rmnm put forth no special adhesive protuberance, but become 
affixed to the animal host by means of adhesive material which they exude 
without undergoing any modification in outward shape. Again, instead of 
increasing numerically by repeated fission during the earlier stages of 
invasion, the infective cell of M. asti rospi rmnm grows into a stout massive 
hypha before division by deposition of cross walls takes place preliminary 
to disjunction. 

If among the groups of phycomycetes mainly emlopurasitic on animals 
and reproducing asexually by immotile aerial spores the Delaware fungus 
is brought into alignment with the Entomophthoraeeae by virtue of its ready 
fissiparous multiplication, it is through this same feature of vegetative de¬ 
velopment estranged from the Zoopagaceae; since in the latter family thal- 
lodir or mycelial disjunction is wholly unknown, and apart from the septa 
associated with reproduction, transverse walls are laid down within thallus, 
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hypha, or germinating oonidium solely as retaining walls to mark sneeessive 
stages in the evacuation of these structures. Then, too, the contents of the 
disjointed vegetative cells show sharp contrast between the sappy proto¬ 
plasmic matrix and the granules scattered through it in moderate numbers, 
whereas the denser protoplasmic matrix in the thalli and vegetative hyplnie 
of the Zoopagaceae often obscures the granular constituents rather mark¬ 
edly. Although in the Delaware fungus the spores usually do not appear 
spatially separated from the membrane of the hyphal outgrowth within 
which they are formed, their visible movement upward through the lumen 
of the membranous envelope gives ample evidence of their endogenous 
origin. Among the Zoopagaceae, on the other hand, movement of spores 
within the membrane of a parent hyphal element has never been observed. 
Except for the empty membranous appendages borne on the conidia of some 
species, the spores throughout that family are indistinguishable fused with 
the membrane originally surrounding them; and after disarticulation each 
spore retains the adnate portion of original membrane as an integral part 
of its wall. Even the restricted analogy in sporulntion offered by tin 1 three 
catenulate genera of the Zoopagaceae is absent in the five zoopagacenus forms 
that have so far been described as parasitic or predaceous on nematodes, 
since none of these five forms produce their spores in chains. However among 
the fungi found destructive to nematodes in agar-plate cultures planted with 
decaying vegetable materials catenulate sporulatiou very similar to that 
known in the Zoopagaceae occurs in representatives of the group of minute 
aerially sporiferous organisms that have been customarily referred to Avti- 
nomyecs, though a genus of* less ambiguous application is now available-— 
if the lack of a Latin diagnosis can be overlooked—in Sin pi<tmyces Waksm. 
& Henr. (43). These organisms, which from their morphology seem best 
referable to the Phycomycetes, include not only many species parasitic on 
nematodes (Bunonnna is attacked especially often) but also species destruc¬ 
tive to various amoebae ,and to testaceous rhizopods of such genera as 
Euglyph a, Geococrus , Hr It opt ra. Sphatodrria, and Trim ma. 

Truly endogenous development of reproductive bodies in linear arrange¬ 
ment within basally attached unbranehed filaments occurs certainly in a 
group of curious animal-inhabiting organisms, somewhat unfamiliar to my¬ 
cologists though presumably referable to the Pliyeomvcetes, of which the 
first representatives were made known by Leidy (24, 25, 2fi, 27 ) nearly a 
century ago in his original descriptions of Enitrobryus rlajnns , Enlrrobryns 
spiralis, Entcrabryus attennatus, Eccrina longa, and Evcrimt moniliformis ,— 
all based on specimens found in the alimentary canals of different arthro¬ 
pods. Enterobryus elegans offers particular interest here as it was not only 
found attached to the mucous membrane of the small and the large intestine 
of its millipod host, Julus marginal us Say, but was also observed growing 
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from the exterior of the three nematode species— Ascaris infecta Leidy, 
Stre pi oho mum agile Leidy, and Thelastosomum attenuatum Leidy—infest¬ 
ing the cavities of the viscera mentioned. Despite the development of E. ole- 
gnus on nematodes, Leidy’s account of this organism cau hardly be con¬ 
sidered directly suggestive of the Delaware fungus since in the relevant 
figures (27, pi, 1, fig. 1, e, f, i; pi. 4, fig. 28, b, c) its very few large propa¬ 
gative bodies, or 44 secondary cells” would seem to be formed through 
O/d/aw-like segmentation; and similar segmentation would likewise seem 
illustrated in the figures relating to “secondary-cell” production in E. 
spiralis (27, pi. 1, fig. 4, d) and E. lotuja (27, pi. 3, fig. 1-6). (.loser resem¬ 
blance to the Delaware fungus is, however, evident in the illustrations per¬ 
taining to asexual reproduction in some of the* organisms more recently 
described, again from the digestive tubes of arthropods, as members of the 
group Eeerinides erected in 1903 by Leger and Duboseq (17) to include 
besides Leidy*s two genera the type genus Arundinolla (now Arnndinnla) 
then newly erected by them. This group, subsequently augmented through 
assimilation of Anwebidinm Fienk. (4) and through addition (18, 19, 20, 21, 
22. 23) of eight new genera, including three contributed by Poisson (32, 33, 
34, 33, 30, 37). was in 1929 ranked by its authors (22) apparently as a sub¬ 
class (Eccrinideae) in the Phycomycetes under which were subsumed two 
separate orders, the Kccrinales with three families and the Amoebidiales 
with one family. From the descriptions and figures given by Leger and 
Duboseq and by Poisson, the spores of the Eecrinales are formed endog¬ 
enously. The “macroconidia” of these authors, though apparently corre¬ 
sponding to Leidy\ ‘'secondary cells,” seem much less suggestive of oidia. 
Where the French investigators show relatively short tlialli in process of 
forming the small reproductive bodies designated by them as “inierospores/’ 
as, for example, in a specimen of ParatavnuUa intermedia delineated by 
Poisson (33, p. 203, fig. XX, E), it is easy to recognize general similarity 
to hyphal outgrowths of the Delaware fungus, such as those illustrated 
herein in figures 4, 10, 11, 12, and 13. Since my fungus has so far not been 
seen to produce any spores of strongly indurated character, grounds are 
lacking for any comparison with the xcriatelv arranged, transversely ori¬ 
ented, thick-walled reproductive bodies of the Eecrinales, which the French 
writers term “spores durables,” and which Poisson (36, p. 60, 63) took 
occasion to distinguish from the “cysts’* of Thaxter’s Enierobrgns com- 
pressns (42) as well as from the “oospores” of Hauptfleiseh s Asireptonema 
longispora (13), a related species first placed in the Saprolegniaeeae but 
later (16) surrendered to the protozoologists. My fungus has shown nothing 
in its sporangia! outgrowths analogous to the expanded terminal “gland” 
present in some members of the Eecrinales, which by breaking down permits 
apical liberation most usually of mierospores; and the disintegration of its 
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sporangial membrane seems too rapid and disorderly to afford any very close 
parallelism with the manner of dehiscence by lateral apertures that occurs 
among the Eeerinaies more especially in the liberation of macrospores and 
resting spores. Further, the well-developed endoparasitic thallodic cells of 
my fungus have no recognizable equivalent in the Eecrinides, as the tubular 
flialli of those organisms are only slightly inserted into the host tissues, more 
or less after the manner familiar in the genus Jlarpocliytriinn Lagerheim; 
while AxeUaria ('<ntllnifi , a somewhat related branching parasite described 
by Poisson (37) from the intestines of isopods has no attachment at all. 
Production of amoebospores in addition to immobile spores, such as occurs 
in Amtx bidiuni parasiiinim Fienk, (4), where according to Cienkowski\s 
account the amoebospores after their encystment may form several curved 
immotile spores endogenously, is wholly alien to my fungus. This distinctive 
type of reproduction, which led Putschli (3. p. (ill-hid) and Minchin (31, 
p. 313-314) to subsume A. paraxiticum under the Protozoa, is present in the 
genus Parumocbidiiim Peg. & Dub. (23) to the exclusion of endosporc for¬ 
mation; and though absent throughout the order Eeerinaies is held to be of 
primary significance in considerations touching the fundamental character 
and taxonomic relationships of the entire group. 

The Delaware parasite, as has been intimated, appears best interpretable 
as a primitive member of the Entomophthoraceae. To provide a suitable 
place for it, a new genus is proposed under a name compounded of two words 
meaning “fertile" and “hair," respectively. 

Gonimochaete Drechsler, gen. now Parasitus intra aniinalia viventin 
crescens; eel lulls nutritis juveniiibus ejus septo in duos loeulos identidem 
se dividentibus, his loeulis inter se disjungentibus. itaepu* stato assumenti 
postremo ex corporibus unieellularibus disjunctis incoloratis constante; post 
mortem aninialis corporibus vulgo globosis vcl ellipsoidcis. quoque otnne 
jmotoplasma tradeute dum hypham fertilem extra integumentum saepe in 
aerem rarius in materiam subjaeentem vel ambienteui )>roferente; quaque 
fertili hyplia sporas immotas incoloratas in unicam seriem penitus giguente 
denique eas expellente simnl membrana ipsius in parte superiore evanes- 
ceute, tanieu parte inferiore ascendente stirsum tuuro clausi saepe paulo 
longius persistente. 

Parasite growing within minute animals, its assimilative cells early in 
development repeatedly becoming divided by a cross-wall, and the two seg¬ 
ments in each instance separating from one another, so that eventually the 
vegetative state consists of disjointed colorless unicellular bodies; the bodies 
commonly globose or prolate ellipsoidal in shape, each of them yielding all 
its protoplasm in putting forth a filamentous h.vpha which after emerging 
from the host integument most often projects into the air, though at times 
creeping over or extending into the surrounding material; each hyplia pro¬ 
ducing internally a row of colorless immotile spores, then expelling them 
while simultaneously the upper portion of hyphal membrane collapses and 
vanishes, though the lower portion often becomes closed by a distal wall and 
then persists some time longer in an ascending posture. 
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Gonimochaete horridula Dreehsler, sp. nov. Corpora assumentia in- 
colorata, inulta (xaepius 15-80) in vermieulo ncmatoideo oriimda, in niaturi- 
tate globosa vel elongato-ellipsoidea, plerumque 6-33 p longa, 5.5-10.5 p 
erassa, primo protoplasmatis disperse granulosi repleta, deinde ex uno 
extremo hvpham fertilem promitteutia itaque omnino so exiuanientia; hvpliis 
fertilibus ineoloratis, vulgo plerumque aseendentibus (i1a<pie eonjunctim 
horridulis), 10 -100 p longis, 2.8-5 p erassis, 2 12 sporas iminotas intus 
gignentibus, binas vel ternas vel quaternas Jenifer eas delude expellentibus, 
postremo (‘as apiee clausa partis inierioris vaeuae 5-80 p lougae sustinenti- 
bus; sj>oris ineoloratis, eyliudraeeis, utriiuque inaequaliter rotundatis vel 
<)l)li(]ue rotumlo-truncatis, 4-0.5 p longis, 3-4.2 p erassis, dejeetis gemmam 
glutinosam 1.5-2.5 p longam 1.5 2 p crassam saepe obii(jue ex uno extremo 
einittentibus. 

Habitat in Aerobdoidto sp. in foliis Actris rubri putreseenfibus prope 
(»eorgetown, Del aw a re. 

Assimilative bodies colorless, often developing in numbers from 15 to 80 
in an individual nematode host, when full grown mostly (j to 33 p long and 

5.5 to 10.5 [i wide, at first tilled with dispersedlv granular protoplasm, eaeli 
later becoming completely evacuated in giving rise from one end to a single 
hyplia; the hypiiae colorless, often mostly ascending (and thus collectively 
offering a bristling appearance), 10 to 100 p long, 2.8 to 5 p wide, individu¬ 
ally producing 2 to 12 immotile spores internally, then expelling them 
weakly mostly 2 or 3 or 4 at a time, and afterwards often holding them aloft 
at the closed tip of an empty lower part 5 to 80 p in length ; spores colorless, 
cylindrical, mostly rather irregularly rounded or somewhat obliquely trun¬ 
cate at both ends, 4 to 0.5 p long, 3 to 4.2 p wide, each eventually when lying 
on the substratum budding forth a bulbous adhesive protuberance, 1.5 to 

2.5 p long and 1.5 to 2p wide, usually somewhat obliquely from one of its 
ends. 

Destroying nematodes belonging to a species of Acrobeluides it occurs in 
decaying leaves of Am* nibnun near Georgetown, Delaware. 

(\vrn*:i> Status Department ok Aukici i/rnu: 

I \ Ki/rsvn. ij;. Maryland 
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CYTOGEOGRAPHY OF EMILIA CASS. IN THE AMERICAS 

J. T. Baldwin, Jr. 1 

Emilia Cass, is a genus of Composite with, perhaps, a score or more spe¬ 
cies native to the tropics of the Old World. Two species are widespread in 
the American tropics as introduced weeds: E . sonchifolia (L.) DO. and E. 
coccinva (Sims) Sweet. Cytogreogrraphic occurrence of these two species in 
the Americas is considered here. 

E. stanchifolia (fig. I) is an annual that, under favorable conditions, may 
come from seed to maturity within thirty days. In the Amazon Valley this 
species was observed to flower and fruit during; every month in the year. 
Always the flowers were purplish pink, though the literature indicates those 
of some plants to be reddish. The chromosome number is 2// ~ 10, n - 5 (tips. 
2-4). The chromosomes were studied in aceto-carmine smears of leaves and 
of pollen mother cells. The following; collections—of which specimens have 
been deposited in the Institute Agronomico do Norte, V. S. National Mu¬ 
seum, and New York Botanical Garden—were examined cytologieally : 



llabiiat 



ColU dor \s* 

Source 

n 

2 a 

X o mb* r 

Para, Brazil 

OriximinA 

mandioen field 


10 

Halt he in JUTS 

Obidos 

grassy area in town 


10 

“ JH70 

.Jurutv Novo 

sandy field 


10 

“ J'd.'i 

Ford!an din 

golf course 


10 

“ J71J 

BeJterrn 

Ecvca planting 


10 

* * ,47 fd 

Alemqner 

field 


10 

‘ ‘ "Hit) 

Bragan^a 

railroad bank 


10 

4 4 4<U4 

Belem 

Lonchoca rpu. s j> 1 ant ing 

0 

10 

* * J7<n 

Amazonas, Brazil 

Manaos 

public square 


10 

“ ES4 

GuajarAMirim 

railroffd bank 


10 

• * 4 US 

Porto Velho 

railroad bank 


10 

t » 

Kio de Janeiro, Brazil 

weed in garden 


10 

4477 

Zandary Field, Surinam 

edge of airfield 


10 

iMi) 

Waller Field, Trinidad 

edge of airfield 


10 

4 ‘ 4XS0 


1 Observations on which this report, arc* based were* made while the writer was an 
agent for the U. 8. Department of Agriculture and were incidental to assignment in 
South America. Appreciation is here expressed to Felisbcrto Camargo, Director of the 
Institute Agronomieo do Noite, Belem, Para, for cordial cooperation, to Anna Ferraz for 
making the drawing of F, son chi folia, to 8. F. Blake for determining the identity of a 
specimen of E. coccinm , to the curators of the herbaria of the V. 8. National Museum, 
Chicago Natural History Museum, New York Botanical Garden, and the University of 
Michigan for loans of specimens, and to the American Geographical Society for permission 
to reproduce the ma|>. 

The illustrations are published with the aid of the Marcus Lucien Underwood 
Memorial Fund. 

IS 




Fig. 1. Emilia sonchifolia (L.) DO. in flower and fruit from Heltun, Faro, Brazil, 
x 0.5. Drawn by Anna Fornix. 
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The species usually occurs in dry, sandy situations, where it may form 
thick stands. It is not, however, a serious weed; it cannot compete with rank- 
growing vegetation. 

E . coccinea is likewise annual. Its maturation is less rapid than that of 
E. sonchi folia- and, in comparison with the latter species, is tetraploid: 



Figs. 2-5, Chromosomes of Emilia. Figs. 2-4, E. mnchifolia , mitotic and meiotic 
(T & 11) metaphases: 2n ~ 10, n ~ 5. Fig. 5, E. coccinea , mitotic metaphase: 2« ~ 20. 
x 2750. 


2 it = 20 (fig. 5). It is sometimes planted for its attractive red flowers (Stand- 
ley 1928), as in the Jardim Botanico do Rio de Janeiro (Baldwin 
2n =■ 20). Weeds from the following places were examined cytologicallv: 


Source 


Habitat 

2 m 

(Collector ’.s' 

X amber 

Para, Brazil 

Fordlandia 


golf coarse 

20 

Bat (he m H 

Belem 


Hcrca planting 

20 

“ 

Amazonas, Brazil 

Man&os 


vacant lot 

20 

< < i 

La h re a 


beside path 

20 

‘ * Jfh 

Guafara Mirim 


railroad bank 

20 

“ J1. 

United States 

Fort Meyers, Lee C< 

Florida 


20 

P. (\ Stanilh u 7,>. 


Specimens are in the herbaria mentioned above. 

E. coccinea , as a rule, prefers a more fertile and moister situation than 
E. sonchi folia does, and it has a more robust stature; it may be somewhat 
troublesome as a weed. Tire two species were found growing together at 
Fordlandia, Guajara-Mirim, Manaos, and Belem. Intermediacy between the 
species was not observed. Nor in herbarium material were intergradations 
noticed. The diploid-tetraploid relation may act as an hybridization barrier. 

Observations on these two species are in agreement with the statement of 
Cockayne et al. (1932) relative to the flora of New Zealand : “the exotics for 
the most part are annuals, occasionally biennials, in form unlike nearly all 
the indigenous species, usually producing a much greater number of seeds, 
with more rapid germinating power and probably greater viability. As for 
their habitats, the exotics affect cultivated ground and such as has been laid 
bare in the process of settlement—they are, as it were, the companions of 


man. 
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Ochse (1931) and Merrill (1943) indicate that whole plants of Emilia 
serve in the East as either cooked or raw food: such use in the Americas is 
not known to the writer. Except for the decree to which E. coccinea has been 
planted as an ornamental, spread of the genus in this hemisphere seems to 
have been dependent wholly upon chance. Entry of both species was appar¬ 
ently from the Atlantic side (figs. 6, 7). In spite of the fact that suitable 
habitats in the Amazon Valley are at distant points in vast stretches of for- 



Fiu. 0. Distribution of E. sonchifoVta in the western hemisphere: big circles, speci¬ 
mens examined cytologicallv; little circles, specimens in herbaria. 


est, occurrence there is rather marked. Movement into the interior has been 
along routes of travel and is in large measure reflection of the extent in time 
and space that man has disturbed the vegetation. Consequently, it is not sur¬ 
prising to find E. sonchifolia along both the railroads in the Amazon Valley— 
the Bragam;a and the Madeira-Mamore. on both the Bel terra and the Ford- 
landia rubber plantations, and along the Amazon. But it is worthy of record 
that at this date the species seems not to occur along the Rio Negro between 
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Manaos and the Venezuelan border, nor alonp: the Solimoes, Purus, Junta, 
and Marahon, nor in the rather thickly settled A ere Territory of Brazil and 
the adjacent low country of Bolivia, nor in Matto Grosso about the old towns 
of Corumba, Cuyaba, and Rosario Oeste. Tn due time the plant will doubtless 



Fig. 7. Distribution of E. coceinra in the western hemisphere: bitf circle^ speeiinenp 
examined eytolojfieally; little circles, specimens in herbaria. 


become established in those places: the situations seem favorable, and the 
species has effective means of transport; it was, for instance, one of eight 
Compositae that by natural means covered the twenty-five miles from Java 
to Krakatau, where it entered into the flora (Ridley 1930). 
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As revealed in this study, E. sonehifolia (fig. 6) has a range from ca. 23 
degrees north to ea. 23 degrees south; E. coccinvu (fig. 7). from ca. 29 de¬ 
grees north to ca. 24 degrees south. Inclusion by Small (1933) of Florida 
within the range of E . sonchifolia is questioned. The species has undoubtedly 
been introduced there, but it seems not to have survived as an integral part 
of the flora, whereas E. coccinca is a not uncommon weed in southern Florida. 
It is considered that the northern occurrence of the two species is rather cor¬ 
rectly shown on the maps, but the distribution mapped here for the continent 
of South America is merely suggestive of the actual ranges, for sufficient 
herbarium specimens were not available for study, Tt is clear, however, that 
E . cocci lira has +he greater latitudinal range, which may be correlated with 
the tetraploid nature of this species as contrasted with diploid E. sonchifolia . 
Nevertheless, tin* distributional areas of the two weeds are too similar, and 
that of the diploid too great, to adduce Emilia to the support of Huxley's 
(1943) statement: “Many widespread weeds of cultivated and waste lands 
are also tetraploid forms, the diploid types having quite restricted distri¬ 
bution.’' But, of course, one recognizes that for purposes of comparison and 
contrast only intraspecifn* polyploidy usually has much significance. 

SUMMARY 

E. sonchifolia (L.) I)(\ and E. coccitua (Sims) Sweet are widespread 
in the American tropics as introduced weeds. Fourteen collections of one, 
seven of the other, were examined cytologically. E. sonchifolia is diploid 
( n - T), 2 n ---- 10), and E. coccinca is tetraploid (2n = 20). Though the species 
sometimes grow together, no indication of hybridity was found either in 
nature or in herbarium material. The diploid plant matures quicker, is of 
smaller size, prefers a drier habitat, and has a less extensive north-south 
range than the tetraploid. 

The Blaxdy Experimental Farm 
Boyce, Virginia 
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JEROME BOG, A PEAT-FILLED “CAROLINA BAY” 

Murray F. Buell 

This study presents a description and the dynamic relationships of the 
bog vegetation characteristic of peat-filled “Carolina bays.” The somewhat 
similar “pocosin” or “bayland” vegetation of the low, flat peatlands of 
eastern North Carolina has been described by Wells (1928, 1932), and by 
Dachnowski-Stokes and Wells (1929). More recently Wells (1942) has sum¬ 
marized our knowledge of the bog vegetation on the southern coastal plain. 
Yet no previous detailed study has been made of the vegetation of the peat- 
filled lake basins of this area. This paper is the result of such an investi¬ 
gation. It is concerned with a strictly delimited bog area giving a correlation 
of the distribution of the communities with certain physiographic features 
characteristic of the basin and its peat deposit. Besides the vegetation study, 
further information is added to our knowledge of the “Carolina bays” in 
the profiles showing the shape of the basin and the peat deposit wind) has 
accumulated in it. 

This description of the basin may help a little in explaining the origin 
of a very perplexing physiographic feature. The elliptical depression occu¬ 
pied by this bog is one of a large number of similar basins in the region. 
Melton and Schriever (1933) gave the first detailed description of these 
remarkable depressions on the coastal plain and suggested a meteorite origin. 
Cooke (1934) and Johnson (1937) have both been critical of this hypothesis 
and have made other suggestions regarding the origin of the bays. Cooke 
believes they were formed by currents in coastal lagoons. Johnson proposed 
a theory of complex origin postulating a combination of artesian springs 
and underground solution causing subsidence together with lacustrine modi¬ 
fication, All studies pertaining'to the bays have been recently summarized 
by Johnson (1942). 

Jerome bog is a perfect example of the “Carolina bays.” It occurs in a 
sandy plain astride the Bladen-Cumberland County boundary line, just 
east of the hamlet of Jerome, North Carolina. It is almost perfectly elliptical 
with its long axis running northwest-southeast. There is a ridge of coarse 
white sand rising to about ten feet above the level of the bog at the south¬ 
east end, diminishing gradually northwestward around the margin of the 
bog and absent entirely at the northwestern end. Its height at the southwest 
end has been reduced by wind erosion at some earlier period, much of the 
sand having been blown toward the northeast. The vegetation of the sand 
ridge as well as the sand plain to the west and northwest is the longleaf 
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pine-turkey oak type (Pimts pa ht strut—Quercns catesbaei) described by 
Wells and Sliunk in 1931, There is some cultivated land west of the bog. To 
the northeast is a swamp into which the bog drains. Bog vegetation occupies 
a small bay just to the east and a low area toward the south. 

The process by which such lake basins were filled in by peat must have 
been similar to those described for the few remaining bog lakes in this 
vicinity (Buell 1939). 

METHODS 

Peat profiles were obtained by sampling the deposit at 250-foot intervals 
along both the long diameter and the short diameter of the bog except across 
the northwest end where 500-foot intervals were used. Samples were taken 
with an American Peat Sampler (Davis type) at one-foot vertical intervals. 
The datum of reference for constructing the profiles was the bog surface, 
which was assumed to be level. 

Levels were run to determine the corresponding height of the bog at 
the southeast end and at the drainage outlet. An arbitrary bench mark was 
selected half way along the east side of the bog and a traverse run to the 
southeast end and the outlet respectively. At the southeast end a line was 
run away from the hog up over the sand ridge while another was run out 
onto the hog itself. Although the unstable surface precluded accurate level¬ 
ing, this line was continued (>0() feet from the margin. Numerous readings 
were taken from three different places established along this line. These 
readings were of points on the bog surface taken at random. The bog level 
arrived at in each case is the average of the readings so obtained. Similar 
readings were taken on the bog surface 150 feet southeast of the outlet. 

The survey of the vegetation was made along the same transects as the 
peat profiles. At each station where borings were taken the species present 
were listed and their abundance recorded using a scale of five. This listing 
and estimate of species abundance at each station together with general 
observations during the course of the field work are the basis of the descrip¬ 
tion and discussion of the vegetation which follows. 

TIIE BOO PROFILES 

The basin in which the bog occurs lias a broad, shallow shelf at the north¬ 
west end which drops more or less abruptly to the deepest point at the center 
lying in a trough-like depression extending to the southeast end. The profile 
of the long diameter reveals a broad shelf descending gradually from the 
northwest end for about 2250 feet at which point it is overlain by about 
four feet of peat (fig. 1). Here the shelf ends abruptly in a comparatively 
steep drop to the center which, a thousand feet farther on. is overlain by 
eleven feet of deposits. Southeastward the basin continues slightly shallower, 
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the bottom rising only gradually, until at about 5500 feet from the north¬ 
west end it rises abruptly from a depth of six feet to a low sand bar 750 feet 
beyond. Behind the sand bar is a bog “lagoon” and finally the vapid rise 
to the top of the sand rim whirh reaches a maximum height of ten feet 
above the bog at a point 450 feet beyond the margin. Hence the height of 
the sand rim above the bog surface is about equal to the greatest depth 
of the bog. 

The profile along the short diameter, that from the east to the west sides 
of the bog, shows that the deeper part of the basin is a trough with a broad 
shelf on either side (fig. 2). On the east side of the trough the bottom rises 
in a series of two benches, a lower, broader one of six feet depth, an upper, 
narrower one of four feet depth. On the other hand, west of the trough the 
slope is continuous. 

For the purpose of this present study the bog deposits are classified 
simply as clay, brown peat, and black peat overlying each other in that 
order. The clay is white and toward the bottom is mixed with varying 
amounts of the underlying coarse sand. Toward the top it contains bits of 
wood and other plant fragments. The brown peat differs considerably from 
place to place. It contains varying amounts of partially decomposed macro¬ 
scopic* fragments and here* and there an abundance of logs that occasionally 
arc so numerous as to make boring very difficult. Pollen has been well pre¬ 
served and is abundant in this peat. On tiie other hand the black peat that 
overlies it is very fine, soft and sticky when wet, and dries to a hard, brittle 
mass. It consists of small bits of charred plant fragments and quantities of 
fine charcoal. Pollen is fairly abundant in the lower portion of the black 
peat, but in the upper foot it is neither abundant nor well preserved. The 
surface of the hog is a continuous thick, coarse, tough mat of tree roots and 
the roots and rhizomes of shrubs. 

The stratification of these types is not uniform. For instance the black 
peat is much deeper in the center and on the east side than on the west. Tim 
surface of the clay tends to dome up over the deepest point and the deposit 
is tflicker over the west edge of the depression than the east. 

The use of the bog surface as a datum of reference may be questioned. 
One gets the impression of a perfectly level surface in crossing the bog in 
any direction and all evidence accumulated suggests no reason to expect the 
contrary. Levels run six hundred feet out upon the open hog at the southeast 
end indicated a perfectly level surface. Although the outlet where the stream 
leaves the hay was found to he 3.6 feet below the level determined for the 
southeast end, the bog surface rises steeply from this outlet. At a point on 
the bog only 150 feet back of the outlet the average of 20 readings taken 
at random showed a rise of 1.5 feet in that short distance. 
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THE VEGETATION 

The entire bog area is covered with a dense growth of shrubs throughout, 
in part as an understory in bog forests but dominating as such over the 
larger part of the bog. On much of the bog the shrubs are relatively low, 
from three to four feet, forming an open “pocosin” which includes roughly 
the central and southern portion of the bog and overlies the deepest part of 
the peat deposit. This will be designated the low shrub community in the 
following discussion. Contiguous with this on three sides, east, west, and 
north, is a dense growth of similar but taller shrub vegetation, the tall shrub 
community, averaging from twelve to fifteen feet. This community is exceed¬ 
ingly difficult to penetrate and one must cut his way through to make any 
headway at all. Throughout both of these areas in which the shrubs dominate 
there is a liberal scattering of widely spaced pocosin pines, Finns serotina 
Michx. Toward the east and west sides and over the whole north end of the 
bog, trees dominate the vegetation. On the east is a strip of white cedar, 
Chamaecyparis thy aides (L.) B. S. 1\, oil the west the bay forest com¬ 
munity, and at the north end a forest of pocosin pine. In each of these the 
understory of shrubs is very dense but not quite so impenetrable as the tall 
shrub vegetation of the open part of the bog. Along the narrow bog margin 
where the peat and the sand meet there is another distinct community of 
trees and shrubs. Sphagnum is present throughout although nowhere in 
great abundance (see figure 3). 

The communities are rather distinctive in tueir composition although 
certain species are conspicuous elements of some or all of them. For instance 
Pinus serotina and S mil ax hiurifoiia L. arc universally present, although 
the former assumes a position of dominance in the forest at the north end 
while the latter reaches its maximum development in the densest part of 
the tall shrub, where it very effectively ties the mass together with its large, 
long, thorny stems. 

The low shrub and tall shrub are alike in composition, the latter being 
simply a later stage in the uninterrupted development of the former. The 
low shrub community is in general poorer in species. Certain herbaceous 
plants, specifically Pieridimn latiusculum (l)esv.) Ilieron., Sarraenua 
purpurea L., and Andropogon glomcratus (Walt.) B. S. l\ are entirely eon- 
fined to this community. Elsewhere herbs are conspicuously absent except 
along the margin. Especially abundant and contributing as much as any¬ 
thing to the physiognomy of the community is Zenobiu cassinefolia (Vent.) 
Pollard. Chamaedaphne calyculata (L.) Moench. and Clethra ahiifolia L. 
are also both largely limited to the more open areas, the former becoming 
the dominant species locally. The presence of Smilax laurifolia is impressive, 
its scattered plants adding immensely to the tangle of the community. 
Clethra is the least abundant. 
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The taller shrub community represents less disturbed portions of the 
shrub bog and consequently a somewhat more mature stage in the develop¬ 
ment of the vegetation. Here there is a greater variety of species than in 
the low shrub community. The principal shrubs roughly in order of their 
contribution to the composition of the tall shrub community are as follows: 
Ilex lucida (Ait.) T. and (t., 8 mil ax laurifolia L., Pier is nitida B. and H. 
(locally dominating), Zenobia cassinefolia, Ilex laevigata (Pursh) Gray, 
Kalmia angustifolia L., Lyonia ligustrina var. foliosi flora (Michx.) Fern., 
Ilea virginica L., and a scattering of Amelanchier oblong if alia (T. and G.) 
Roemer. Aronia arbutifolia (L.) Ell., and Viburnum nudum L. Small trees 
of Aver rubrum L., Magnolia virginiuna L., and Pvrsea pubescent* (Pursh) 
Sarg. are very abundant. 

The bay forest represented by a narrow strip along the west side is rela¬ 
tively poorer in species. Here Acer rubrum and Magnolia virginiana are 
dominant. Vaccinium oust rale Small is the principal understory shrub. 
Seedlings of Acer rubrum are abundant. The less common elements are 
Pvrsea pubtsccns , Ilex lucida , Itea virginica , and S mi lax laurifolia. 

The white cedar forest is very poorly developed on this bog. It occurs 
as small, isolated stands along the east side and as small clumps out toward 
the center. Fire has recently destroyed some of them. The tall shrub bog 
grows intimately up against each stand and forms impenetrable thickets 
between them. The principal species associated with the white cedar is Pieris 
nitida. Such white cedar forests, their origin and sueeessional status, have 
been described in an earlier paper (Buell & Cain 1943). 

The pocosin pine forest at the north end occurs on a relatively thin layer 
of peat overlying the broad, gently sloping sandy shelf. The pines are large 
and closely enough spaced to produce a definite pine-dominated community. 
The understory is made up of large shrubs and small trees of the species 
which characterize the tall shrub community described above. 

The hog margin community growing where the peat thins out to the 
coarse sandy soil of the surrounding upland includes a variety of shrubs 
not occurring* or if so very rarely, upon the bog proper. These are as fol¬ 
lows: Myrica cerifcra L., (lonlonia lasianthus L., Azalea atluntica Ashe, 
Vaccinium crassifolium Andr., Vyrilla racemiflora L., Ilex glabra (L.) Gray, 
Pit ris mariana (L.) B. and H., and Xyssa biflora Walt. 

DISCUSSION 

Jerome hog represents an ancient lake that has been filled in with a peat 
deposit. Its basin is one of a large number of such elliptical depressions 
(Melton and Schriever estimate about 1500 while Johnson believes there 
must be tens or even hundreds of thousands) on the coastal plain of the 
Carolina*. Many of the smaller ones may never have contained permanent 
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lakes. A very large proportion of them did and most of these are now filled 
with peat and support very much the same vegetation complex as Jerome 
bog. Several lakes in various stages of being filled in are still present in the 
vicinity. The process by which these lakes are being filled in has already 
been described (Buell 1939). The peat which is accumulating in these lakes 
today is a black, mucky deposit similar to that in the upper levels of Jerome 
bog. The color of this deposit is the result of the fires that occur frequently 
on the surrounding bog, the fine charcoal washing into the lake and settling 
along with the unburned plant fragments. The upper foot of the black peat 
may represent peat partially burned in situ, for peat fires often occur in 
the coastal plain bogs. However, since all but the top layer of black peat 
has a liberal mixture of pollen and unburned fragments it seems most prob¬ 
able that, with the possible exception of this top foot, it represents a sub¬ 
aqueous deposit. That this is so is further indicated by the greater depth 
of the black peat in the center and Ihe cast portion of the bog compared 
with the west side where the brown peat occurs within two feet or less of 
the surface. The ‘‘Carolina bay” lakes fill in most rapidly on the wesl side, 
slowest on the east, so that the hog lakes of today lie off center on the cast 
side. With this in mind, the distribution of the black and the brown peat 
suggests that when fires first became common on the coastal plain, i.e., prob¬ 
ably either with the advent of man upon the scene or at a time of a shift to a 
drier climate, Jerome bog was a lake with hut a marginal bog. It might well 
have appeared as Little Singletary Lake immediately south of it appears 
today (see figure 4) or any other of the bog lakes in the vicinity. It is also 
(dear that the coastal plain has never been completely free from fire during 
the entire history of the bog, since small amounts of charred fragments are 
found even to the bottom of the brown peat. 

As far as the present vegetation is concerned then* is no question that fire 
is and has been for a long time the dominant factor concerned in the emit ml 
of the communities. Fire-scarred pine trunks and charred stumps of fallen 
trees are common. The universal distribution of the underlying black peat 
testifies to a long-continued addition of charcoal to tho accumulating de¬ 
posit. Yet certain physiographic features of the bog are correlated with the 
present distribution-pattern of the communities. 

The shrub communities overlie, in general, the deepest parts of the peat 
deposit extending from the south end out toward the center and the east 
side (fig. 3). This represents the path of the most frequent and most severe 
fires. The prevailing wind is southwest. The probable source of most fires 
is in the vicinity of the nearest habitation just west of the south end of the 
bog. The low shrubs occupy the area most commonly swept by the fires. 
The tall shrubs represent merely an area that has received less recent ravages 
by fire and as such a later stage* in the uninterrupted natural succession 
on the bog. 
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The location of the white cedar forest is to be explained by a fire of suffi¬ 
cient. intensity to have created an open seed bed required by the cedar (Buell 
& Cain 1943). They do indeed occupy an area where occasional fires from the 
southwest end might be expected to reach their greatest intensity. 

The bay forest along the west side demonstrates fairly well what the tall 
shrub would ultimately lead to were fires to be kept out. This forest is located 
on the west where by virtue of being on the side from which the prevailing 
winds come it is protected from the most intense fires. Any fires which pass 



Khl 4. Aerial photograph composite showing Jerome bog toward the northwest. 
Little Singletary Lake lies in tin* south central part of the area. Its bog margin is widest 
at the northwest end. Other Carolina bays” both larger and smaller dot the area. 
(Photo by Agricultural Adjustment Administration.) 


through it. fanned by the southwest wind, could not have first readied the 
full intensity attained after being driven through great masses of highly 
inflammable shrubbery. It is noticeable too that the black peat forms a 
thinner layer here than elsewhere along the east-west profile. 

The pine forest at the northwest end occupies that portion of the bog 
underlain by the broad, gently sloping shelf upon which the peat deposit is 
thin. It is like the tall shrub community in composition with the exception 
of the abundance and size of the pines. The pines find conditions more favor¬ 
able here than where the peat is deeper, a situation which may not be related 
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to the peat depth alone. They are larger and are numerous enough so that 
the aspect is that of a forest compared with the open shrub bog with its 
scattered trees. Were fires to be kept out, this, like the tall shrub community, 
would become a broadleaf bay forest, since small trees of sweet bay, swamp 
bay, and maple are present throughout. 

The climax forest on the bog is a broadleaf bay forest. In the study of 
the suceessional role of southern white cedar in this part of the state it was 
found that the cedar does not replace itself in the natural course of succes¬ 
sion (Buell & Cain 1943). Penea pubesccns, the swamp bay, is the tree most 
capable of thriving in the intense shade of the cedar forest. That this ex¬ 
tremely shade tolerant species, common throughout most of Jerome bog, 
would ultimately become the dominant tree of a climax bay forest seems 
extremely likely. 

SUMMARY 

1. Jerome bog occupies a 44 Carolina bay,” one of a very large number 
of elliptical depressions on the coastal plain of the Carolinas. This basin is 
found to be deepest in the center with a trough continuing southward to 
an abrupt rise at the southeast end. At the northwest end is a broad, gently 
sloping shelf. 

2. The deposit which has accumulated in this ancient lake basin con¬ 
sists of white clay in the deepest part, overlain by brown peat with scattered 
bits of charred fragments and, above this, black peat containing a high pro¬ 
portion of fine charcoal. The latter represents either the period since the 
advent of man bringing frequent fire or a drier climate, or both. 

3. Fire holds the succession back .so that much of the bog is in shrubs, and 
more severe burnings make occasional generations of southern white cedar 
possible locally. With fire protection the natural course of succession 
throughout would lead to a bay forest dominated by swam]) bay Persia 
pubcsccns. The southern white cedar forest and the pocosin pine forest are 
merely subclimax types. 

North Carolina State College 
Raleigh, North Carolina 
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THE EFFECT OF COLCHICINE AND ACENAPHTHENE 
IN COMBINATION WITH X-RAYS ON 
PLANT TISSUE—II 1 

Michael Levine 

MATERIALS AND METHODS 

Root-tips on the bulbs of Allium cepa var. “Yellow Globe” were selected 
for this study. These were picked for their approximate uniformity of size 
and freedom from bruises and fungus infection. In one set of experiments, 
18 bulbs of Allium crpa var. “Brigham Yellow Globe” sent to me by Dr. 
Henry A. Jones, II. S. Department of Agriculture, were used. These varied 
little in size, weight, and color. The bulbs used in the winter and early spring 
germinated promptly when set in water, but the dormancy of the summer 
crop was broken by exposure to low temperature (2°-5° C.) for 10-15 days. 
There were 15 sets of experiments, in each of which from 6 to 40 onions were 
used. Each set was started with a much larger number of bulbs than was 
actually used, for a small number were discarded during the first days of 
germination because of their failure to produce a satisfactory number of 
roots. After being weighed and recorded, the bulbs were placed on the 
mouths of cylindrical bottles of 240 ml. capacity filled with tap water. The 
water was changed daily and the bulbs washed in running water for a minute 
before they were returned to the jars. 

In general, these plants were kept in water for 3-12 days before 4 they 
were transferred to similar jars filled with an aqueous solution of 0.01 per 
cent colchicine in tap water. In preparation for irradiation after the colchi¬ 
cine exposure, the roots w*ei*e washed in running water and placed on an 
inverted cardboard box, the bottom of which was perforated with 7 holes, 
each large enough to cradle a bulb. The bulbs were inverted so that the leaves 
or leaf ends were inserted into the holes and the root ends exposed to the air. 
The bulbs were then surrounded by walls of moist filter paper to prevent 
drying. 

The x-ray machine employed delivered 95-133 roentgens per minute dur¬ 
ing the different exposures made. The voltage was 200 KV, 25 MA with a 
filter of 0.5 mm. copper and 3 mm. aluminum. The distance from the target 
varied for a given set of onions from 42 to 67 cm. Irradiations were made in 
single exposures with a total of 900r, 1500r, or 3000r. The actual exposure 

* The first paper of this series appeared in Bull. Torrey Club 7~: 563-574. 

Publication of the illustrations was assisted bv a contribution from the Monlefiore 
Hospital. 
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time varied from 11| to 30 minutes. The time consumed by the irradiation 
varied from 17 minutes to 40 minutes. The non-x-rayed onions in a given 
experiment were removed from their cylinders for a period equal to that 
consumed for irradiation and precautions were taken with these also to pre¬ 
vent drying. The position of each bulb under the x-ray machine was then 
recorded, although the portal of the x-ray machine was open and no cone w T as 
used, so that the field was considered to he evenly covered by the x-rays. In 
several experiments, colchicine was replaced by aeenaplithene. Cylinders simi¬ 
lar to those used for colchicine were filled with a saturated solution of this 
substance. The wot roots wore then gently powdered with aeenaplithene 
crystals. Many of these adhered to the roots even after they were plaeed in 
water. Root-tips of treated and control onions were fixed at definite intervals 
in Bonin’s, Carnoy’s, and in Flemming’s weak solution. The material was 
imbedded in paraffin and sections from 5 p to 7;} p in thickness were made. 
Flemming's triple stain and Heidenhain\s iron-haematoxylin were used. 
Brilliant results were obtained with safranin emmterstained w ith light green 
dissolved in oil of cloves. 

<’OL(’IIlCTNIZED ROOT-TIPS OF THE ONION 

Root-tips of Allium a pa exposed to colchicine have been studied by a 
number of investigators. Havas (1937a), Kostoff (1938a), Levan (1938), 
Mangenot f 1938a,b), Shimamura (1939a), and others showed that colchicine 
causes hypertrophy of seedling parts as well as roots. While these swellings 
were referred to as “tumors,’' a modifying word like ‘‘colchicine” might be 
added to separate this type of growth from plant overgrowths such as crown- 
gall, potato wart, club-root, and possibly other plant hyperplasias. 

A series of studies were made in this laboratory on concentrations, and 
it was found that the most appropriate was approximately 0.01 per cent, 
because it produced swellings after 24 hours that made it possible to gauge 
inacroscopicallv the effects of irradiation. 

The effect of the solution was then studied to determine the time required 
to produce root-tip hypertrophies, their behavior in prolonged exposures to 
colchicine, and their reaction on return to water. Three sets of preliminary 
experiments were made with 18 onions. These bulbs germinated in water at 
room temperature in 24 hours, and at 48 hours each bulb showed from 2 to 8 
roots measuring from 1 to 2 cm.; at 5 days there were from 8 to 35, measur¬ 
ing from 1 to 4 cm. in length. On the eighth day the average number of roots 
per bulb was 30. Nine of these bulbs were placed in 0.01 per cent colchicine 
and the remainder left in water as controls. In 18-24 hours, small swellings 
began to appear just above the root-tips. At the end of 48 hours the tips were 
definitely swollen, measured 1-2 mm. in diameter, and were pointed at the 
extreme apex. Roots that had been formed just before immersion in the 
colchicine were transformed into swollen bulbous or dub-like structures. 
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Continued exposure produced no decided increase in the size of these hyper¬ 
trophies. The return of the bulbs to water after more than 200 hours in colchi¬ 
cine caused these roots to resume growth in 3-4 days; the growth started at 
the distal portion of the hypertrophy. Root-tips treated with colchicine were 
fixed after immersion for 6, 18, 24, 36, 48, 72, 96, 120, 144, ami 200 hours, and 
at various times after their return to water. 

These preliminary experiments were further made the basis for deter¬ 
mining the time at which the metaphase stage in cell division appeared in 
greatest numbers, so as better to adjust the time when irradiation would be 
most effective. Although the hypertrophies were greatest at the 48th hour, 
eytological preparations showed that the greatest number of metaphases 
occurred earlier, confirming a report from this laboratory (Levine & Gelber 
1943) that onion root-tips exposed to 0.01 per cent colchicine produced the 
maximum number of metaphases at about 24 hours. 

Untreated onions were not uniform in leaf development and the colchi¬ 
cine solution alone seemed to have no effect on leaf growth. 

Microscopic studies proved that the concentration of colchicine used was 
in itself not destructive to the cells, and roots exposed for as long as 200 
hours exhibited only a reduction in the si/e of the meristematic zone. The 
extreme tip atrophied and many of the cells contained deeply stained homo¬ 
geneous nuclei. Median longitudinal sections of such roots showed that the 
cells were hypertrophied but the zone ot elongation remained inactive. There 
were areas of cellular activity that apparently represented secondary root 
meristems. The cells in these roots had few, if any, mitotic figures. The cen¬ 
tral or plerome cylinder of ceils contained well differentiated nuclei and 
large vacuoles, while those in the periblem or mid-region and dermatogen or 
outer zone of cells contained large irregular nuclei, some of which were 
densely stained and undifferentiated. Small areas of destruction appeared 
to be due to the colchicine. In these cells, the walls were densely stained wit!) 
the safranin, the cytoplasm was plasmolyzed, and in some there appeared to 
be fragments of densely stained granules possibly of nuclear origin. Cells in 
the branch root initials appeared quite normal, with a number of nuclei in 
mitosis, although the exact stages were not to be definitely established. The 
cells were embryonic in nature, with large, densely stained nuclei. When 
returned to water, the root-tips resumed growth and the bulbs produced a 
number of new roots. 

The root-tips of the control onions grown in water for the same periods 
appeared normal. A small number of cells were found in all stages of nuclear 
and cell division. 

THE GROSS EFFECT OF COLCHICINE AND 900 ROENTGENS 

In a series of 6 preliminary experiments, the effect of a single dose of 
x-rays of 900r on colchicinized root-tips of bulbs of the “Yellow Globe” var. 
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of Allium ecpa were studied. One hundred and thirty bulbs were grown in 
fresh tap water from 3 to 12 days. Eighty-two were then colehicinized for 
24, 48, 72, 120, 135, and 140 hours. Thirty-two others were irradiated and 
of that number 20 were colehicinized. There were 3 or 4 irradiated colchi- 
ciuized bulbs in each of the 6 experiments. The controls, 98 in number, con¬ 
sisted of noil-x-rayed colehicinized bulbs and others that were neither x-rayed 
nor colehicinized. In these experiments, the gross effect of the colchicine- 
treated root-tips were contrasted with those that were colehicinized and 
x-rayed. The ability of the colehicinized, hypertrophied root-tip to resume 
growth when returned to water gave a ready ocular demonstration of the 
effectiveness of the colchicine-x-ray treatment. When the colehicinized bulbs 
were returned to water, the distal portion of the bulbous tip resumed growth, 
leaving the swelling behind it. The irradiated colehicinized root-tips behaved 
differently as described in detail in the report that follows. 

Of the bulbs selected for colchicine and irradiation studies 12 were im¬ 
mersed in colchicine for 120 hours after a five-day period of germination. 
Five bulbs were irradiated with 900r and immediately thereafter all Mere 
returned to Mater. The gross differences were studied between the eolehici- 
nized-x-rayed root-tips and those that were treated only with colchicine. All 
the roots of the colchicine-x-ray group appeared alive but for the presence 
of an occasional flaccid, Mater-soaked one, yet no outgroM’th had taken place 
at the root-tips (fig. 1). Eight days after their return to water the colchicine 
controls produced extensive outgrowths from the bulbous tips showing no 
impairment of the meristem at the tip of the hypertrophy (fig. 1, bulb 12). 
The short swollen roots clustered around the bulb appear to have elongated 
slightly (bulbs 3, 7) but no definite outgrowth followed. The short bulbous 
mot-tips on the colchicine controls (bulb 12) also failed to resume growth 
after the bulbs were replaced in Mater. This difference in behavior between 
the short and long roots has not been explained. 

After germination for five days, 15 bulbs were exposed to colchicine for 
72 hours, then irradiated with 900r and finally returned to water. Five days 
later, these bulbs had a small number of flaccid roots among the healthy long 
ones (fig. 2) which showed no evidence of having resumed growth. The bulbs 
that were not irradiated (tig. 3) underwent characteristic recovery with the 
formation of secondary roots. The roots of another group of 24 onions in this 
series of experiments Mere exposed to a similar concentration of colchicine 
for 48 hours. They were similarly irradiated ami returned to water. Eleven 
and one-half days after the treatment there Mas an unquestionable resump¬ 
tion of growth of the swollen root-tips (fig. 4). These colchicine-x-rayed 
bulbs showed naff extension of approximately 0.5 cm. Daily measurements 
of the length of the roots, however, showed the growth to he slow and sug¬ 
gested an elongation process rather than one due to cellular proliferation. 
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Growth ceased after the sixth or seventh day. Comparison with the controls 
indicated clearly that growth had occurred in the roots which were treated 
only with colchicine (fig. 5). The outgrowth in the control was more slender 
than the portion of the root above the hypertrophy. Roots without hyper¬ 
trophies, apparently new roots, had developed from the bulbs on their return 
to water. Secondary roots were formed, many of which arose from the hyper¬ 
trophied portion of the root. 

The significance of these results made it necessary to further test the 
effects of the irradiation on the 48-hour-colehicinized root-tips. In this test 
30 bulbs were used, and after a germination period of six days the bulbs were 
eolchieinized for 48 hours, irradiated with 900r, and then returned to water. 
These were studied daily. The results confirmed the findings observed above. 
Bulbs eolchieinized only and returned to water underwent the usual recovery 
with active growth from the hypertrophied root-tips. Long tenuous secon¬ 
dary roots were frequently developed. Tilt* control non-colchieinized bulbs 
that were kept in water for nine days and were x-rayed simultaneously with 
the eolchieinized bulbs showed little, effect after their return to water. The 
roots appeared to be active, the tips were normal and not twisted, a phenome¬ 
non observed after exposure to larger doses of x-rays. There was, however, 
a temporary arrest of growth. 

Root-tips that were eolchieinized for 24 hours and irradiated with 900r 
grew after they were returned to water. Those that were eolchieinized for 
135-140 hours and irradiated reacted like those that were irradiated after 
120 hours exposure to colchicine. 

These experiments show that exposure to OOOr has a temporary retarding 
effect on growth of root-tips of the onion, but that when it is preceded by 
exposures to colchicine for more than 48 hours, complete inhibition of growth 
is attained without causing immediate death. Root-tips exposed to colchicine 
for 48 hours followed by 900i\ become impaired in growth with complete 
exhaustion of growth 5 7 days after their return to normal conditions. 

CYTOLOUIOAL CHANGES INDUCED BY COLCHICINE AND OOOr 

Colchicine for 24 hours and 900r. Colchicinized and x-rayed roots were 
selected at random for microscopic examination from all the bulbs that were 

Explanation of figures 1-5 

Fiu. 1. Bulbs exposed to colchicine for 120 hours; irradiation OOOr; returned to water 
after treatment for 8 davs. Bulb 12 not irradiated, x O.li. Fig. 2. Bulbs exposed to col¬ 
chicine 72 hours; irradiation 900r; 5 days after their return to water. x0.75. Fig, 3. 
Bulbs from same series not irradiated, eolchieinized for 3 days; 5 days after their return 
to water. * 0.25. Fig. 4. Bulbs exposed to colchicine for 48 hours; irradiation 900r; Ili 
days in water after treatments. > 1, Fig. 5. Bulb'- eolchieinized for 2 days and then 
returned to water for 11 1 days; not x-rayed. \ 7. 

The photomicrographs were made on W. \V. Panchromatic M. plates in a Zeiss 35 cm. 
camera. The objectives used were Zeiss 2a, 10, 20, 90; exe piece Homol 1 ; bellows extension 
50 to 100 cm.; filters K 2 and B. 
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subjected to these agents. Sections through the periblem were studied princi¬ 
pally because these better exposed the largest number of dividing cells. 

The untreated control root-tips kept in water for 15 days showed normal 
cellular structures with a moderate number of nuclear and cell divisions. 
Sections of root-tips made from the bulbs colchicinized for 24 hours and 
exposed to air for a period of 30-40 minutes (fig. 7), during which time other 
bulbs were x-rayed, presented no marked or recognizable influence of this 
treatment except for the colchicine-induced metaphases. In the calyptrogen 
or root cap of these root-tips, the nuclei were compact bodies, homogeneously 
stained with Flemming’s triple stain. The dermatogen cells contained meta¬ 
phase stages and occasional late telophases were observed with good spindles. 
There was evidence of fusion of chromosome masses, while the nuclei in the 
resting cells were well differentiated and the chromatin was stained bril¬ 
liantly with gentian violet. The chromatin granules were distinct and ap¬ 
peared to be sharply defined as if some contraction or accumulation of the 
material had occurred. The cytoplasm in these cells was stained a faint 
orange. In these preparations there was evidence of a concentration of the 
granular elements in the cytoplasm, forming a close reticulum. There was no 
evidence of nuclear or cytoplasmic injury. 

Under higher magnification (fig. 8), the chromosomes showed longitu¬ 
dinal splitting with few instances of chromosome clumping. The 24-hour- 
colchieine-treated root-tips irradiated with 900r were fixed two hours after 
their return to water. In these sections there was evidence of marked clump¬ 
ing of the chromosomes in the metaphase stage, although chromosomes occa¬ 
sionally separated from the fused masses could be recognized as being longi¬ 
tudinally split (fig. 9). A number of prophases appeared in these prepara¬ 
tions which were apparently normal. A detailed study of the colchicinized 
and x-rayed root-tip eells is shown in fig. 10. King-shaped chromosomes such 
as reported by Marqmmlt (1938) and Sax (1941) were not infrequent. 

The x-ray control plants not treated with colchicine but irradiated with 
900r (fig. 11) were grown in water for 13 days 3 hours, irradiated and re¬ 
turned to water for 2 hours and 40 minutes before fixation. These tips showed 
few metaphases and less marked chromosomal aberrations than those treated 
with colchicine and x-rays. The clumping of the chromosomes was not 
strongly developed and split chromosomes were not infrequently found. 

Root-tips that were colchicinized for 24 hours and irradiated with 900r 
grew after they were returned to water. Microscopically, these tips fixed 
eight days after their return to water showed that the cells were active and 
viable (fig. 12). The subsequent history of these roots was not followed in 
detail. Sections of the untreated control roots were normal; mitoses were fre¬ 
quent without any apparent abnormalities, in spite of their exposure to 
water for 21 days. 
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Colchicine for 48 hours and 900r. Root-tips exposed to colchicine for 
48 hours, followed by irradiation with 900r, were fixed for microscopical 
examination at various intervals after their return to water. These were com¬ 
pared with the root-tips that were x-rayed or colehieinized only and returned 
to water for various periods of time. Serial sections of root-tips were made. 
These tips were fixed immediately after their removal from 44-51 hours 
exposure to colchicine before irradiation. In the root-tips colehieinized for 
48 hours the cells of the elongation zone had become wider and only slightly 
longer and so had produced the characteristic bulge or swelling of the root- 
tip. The number of metaphases was fewer than after the 24-hour treatment 
and the chromosomes appeared to be fused and contracted, while fragmen¬ 
tation occurred. These observations were in accord with those of Levan 
(1988), Shimamura (1939a) and others. There appeared to be a number of 
masses of gentian-violet-staining material in some cells, most frequently but 
two. Their subsequent behavior could he interpreted as giving rise to poly¬ 
ploid Jobulate nuclei. 

The chromosomes in these preparations frequently appeared indistinguish¬ 
able from those subjected to irradiation and suggested the effect described 
by Dustiu and his students. The resting nuclei were densely stained. The 
cells were vacuolate and there appeared to be a more intensely staining 
granular structure in the cytoplasm. The peripheral cells, however, were 
vacuolized and the cytoplasm had a tendency to be stained more densely. 
The return of these colehieinized bulbs to water caused the root-tip to re¬ 
cover, as shown by its renewed ability to grow. The meristematic tissue, how¬ 
ever, appeared to be Jess voluminous and the outgrowth from the bulbous tip 
resulted in a somewhat attenuated structure. Under certain conditions the 
entire bulbous root-tip became elongated before the root-tip resumed growth. 
Sections of root-tips from the same bulb made 24 hours after their return 
to water showed recovery from the metaphase stasis. Normal telophases 
occurred although there was some evidence of contracted, deeply stained 
nuclei and possibly dead cells. Sections of roots from the same bulbs in water 
72 hours after their removal from colchicine showed various figures in 
mitotic stages of development and seemed apparently normal. 

Bulbs treated in colchicine for 44-48 hours and irradiated with 900r were 
studied shortly after the x-ray exposure. The root-tips fixed one hour and 35 
minutes after their return to water at the end of irradiation contained elon¬ 
gated chromosome masses (fig. 13), and highly vacuolized cells, some of 
which enclosed lobulate nuclei. The cytoplasm in these preparations appeared 
to be reticulate with densely staining granules lying in the meshwork. These 
observations were made repeatedly in several groups of bulbs studied. Sec¬ 
tions of root-tips from the same bulbs 48 hours after the colchicine and x-ray 
treatment (fig. 14) showed slightly elongated, hypertrophied cells, although 




Kick 11. Root tip irradiated with 900r, fixed 2 hours and 40 minutes after its return 
to water, s' 250. Fig. 12. "Root-lip treated the same as that shown in figure 0; fixed 8 days 
after return to water. \ 250. Fig. 35. Portion of root-tip exposed to colchicine 48 hours; 
irradiation 900r; fixed from water 14 hours after irradiation, \ 500. Fig. 14. Section of 
root-tii) treated as in figure 15; fixed from water 48 hours after treatment, x 250. 
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they appeared to be arranged in regular tiers. The nuclei were irregular in 
shape; some were homogeneously stained and indicated injury. Many ruby- 
red-stained bodies appeared, apparently nucleoli; usually two were found in 
each cell. In the later stages, in which the roots were returned to water for 
80 hours, there appeared to be recovery. Nuclear divisions were in progress 
and the intense cytoplasmic vacuolization had now disappeared (fig. 15). 
There was evidence in these preparations that the chromosome number had 
increased, but no chromosome counts were made. The outgrowths from these 
eolchicinized-irradiated root-tips after their return to water had reduced but 
normal meristeins; division stages were not abundant. The active cells were 
stained like normal meristematie tissue, The formation of secondary root 
meristems was unaffected by the colchicine-x-ray treatment. It seemed that 
these structures were formed after the effects of these stimuli were no longer 
present; few secondary roots were observed to develop. 

Colchicine for 72 hours and 900r. lloot-tips exposed to colchicine for 
72 hours produced new outgrowths from the bulbous tips which grew unin¬ 
terruptedly (fig. 3). Microscopic studies of the tips (fig. lb) made 4 days 
after their return to water showed a meristematie region of normal cells with 
a small number of nuclei in division. The periblem cells were vacuolate and 
some occasionally contained giant nuclei. These aberrant cells were in the 
hypertrophied portion of the root. 

The colchicine-irradiated root-tips made no outgrowth from the bulbous 
tip 96 hours after their return to water (fig. 2). The cells in these root-tips 
were large and vacuolate (fig. 17) with large homogeneously stained nuclei. 
The plerome cells were slightly elongated, and the nuclei though somewhat 
large contained no distinct chromatic granules. The nucleoli were well differ¬ 
entiated and took the safranin brilliantly. The periblem cells showed evi¬ 
dence of injury and maturity. The vacuoles wen* large and the nuclei slightly 
lobulated. Growth in these cells was not followed beyond the fifth day after 
their return to water. 

Colchicine for 125 hours and 900r. An examination of the outgrowths 
removed from the bulbous tip (fig. 3) which wen? produced by an exposure 
to the colchicine for 125 hours and then returned to water for 90 hours 
showed cytological structures similar to those of normal root-tips with ap¬ 
proximately a normal distribution of mitotic figures (fig. 18), The area of 
the meristematie region appeared small. 

The root-tips exposed to colchicine for 125 hours and irradiated with 
900r were examined microscopically after having been returned to water for 
90 hours. The cells were hypertrophied (figs. 1, .19); only the terminal por¬ 
tion, where the meristem would normally be, showed a small collection of 
cells with densely stained nuclei; no calyptrogen was present. The periblem 
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Flo. 15. Part of root-tip treated as in figure 13, fixed after being in water for 80 
hours. \500. Fro. Hi. Section of root-tip after return to water for 96 hours; exposed to 
colchicine for 72 hours, y 2o0. Fro. 17. Section of root-tip after return to water for 96 
hours; exposed to colchicine for 72 hours followed by 900r. \ 250. Flo. 18. Hoot-tip ex¬ 
posed to colchicine for 125 hours, fixed 90 hours after return to water, x 250. 
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cells wei’e large in size with irregularly shaped nuclei which were well differ¬ 
entiated. Evidence of nuclear lobulation occurred. The cytoplasm was strik¬ 
ingly fibrillar in nature and formed a reticulum which was well preserved 
by the fixative. The cells were not dead but evidently showed the influence 
of marked earlier disturbances. There were no outgrowths from these swell¬ 
ings eight days after their return to w T ater. 

Colchicine for 140 hours and 900r. Root-tips immersed in colchicine for 
140 hours and followed by irradiation (900r) were fixed approximately one 
and one-half hours after their return to water. The meristematie area in these 
roots was reduced to empty cells, although a thin layer of deeply staining 
tissue below a degenerated root-cap was always present. There were some 
active cells surrounding the plerome, although division stages were not seen. 
The viability of these roots was represented principally by some few cells. 
Those in the plerome area were large with extensive vacuoles, and the nuclei 
seemed polyploid, for many were lobulate; while other cells were bimieleate. 
The densely stained portions of the root appeared to be made of necrotized 
cells. Many cells in the periblem contained large vacuoles, while many were 
empty. 

The root-tips colchicinized for 140 hours and irradiated with 900r, when 
examined microscopically after having been kept in water for 48 hours < fig. 
20), contained active viable cells about the lower portion of the plerome. A 
densely stained necrotic tissue surrounded this cluster of cells iu which the 
nuclei were lobed though densely stained. Large nuclei in hypertrophied cells 
were also present. Many of the cells had normal cytoplasm ; some had a deli¬ 
cately reticulated cytoplasm while others were large and empty. The peri¬ 
blem cells now contained only a few nuclei; most of them wore necrotized, 
with fragments of deeply stained bodies. Root-tips from this series, kept 8 
days in water after irradiation, were flaccid. The upper portions of these 
roots were alive, however, for secondary root initials were present although 
none seemed to emerge. Irregular spiral thickenings of the vessels were noted 
in the central cylinder, white the cells of the secondary root merisiems were 
in various stages of nuclear division. The irradiation effects were entirely 
absent at this period. Root-tips taken from bulbs exposed to colchicine for 
140 hours, but with the irradiation treatment omitted, gave evidence of nor¬ 
mal recovery of growth as described above. The upper part of these roots 
developed normal secondary branches. The roots at this stage of the experi¬ 
ment were in water before and after colchicine, a total of 24 days. 

These results show clearly that root-tips exposed to 0.01 per cent aqueous 
solution of colchicine for 140-200 hours suffer no permanent effect on growth. 
When returned to water they recover, and new primary and secondary roots 
are formed. 
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The coiehieinized root-tips irradiated with 900r show that the length of 
colchicine exposure influences recovery; long exposures (72-140 hours) fol¬ 
lowed by irradiation completely inhibit growth. The coiehieinized controls 
make new growtli after their return to water. With shorter colchicine expo¬ 
sures (48 hours and less) growth is still inhibited, yet the bulbous tips pro¬ 
duce outgrowths from their distal portions. Obviously the inhibiting factor 
is not a function of the irradiation (900r), which had only a temporary 
retarding effect, but of the combined result of both agents. These gross obser¬ 
vations are well supported by microscopic evidence. The short colchicine 
exposures followed by irradiation left unimpaired meristematic cells, which 
wore capable of prod wing new growth. The long colchicine exposures 
collided with 900r inhibited and impaired the fundamental tissues and no 
outgrowlh occurred from the hypertrophies. Irradiated (900r) non-colchi- 
cinized root-tips failed to show the gross and microscopic changes induced 
by the application of both agents. 

THE GROSS EFFECT OP COLCHICINE WITH 1500R OR 3000k 

These investigations were made on a strain of selected onions of the 
“Brigham Yellow' Globe” variety of AUhnn crpa together with bulbs of the 
“Yellow 7 Globe” variety culled from the open market. These onions were 
germinated for 7-8 days after they had been chilled for 12-14 days to break 
Iheir dormancy. The roots of these bulbs were then immersed in an aqueous 
solution of 0.03 per cent colchicine for various periods. Of the coiehieinized 
onions some were x-rayed and returned to water. A number ot* bulbs were 
x-rayed only and an equal number were treated with neither colchicine nor 
x-rays. 

In one experiment .18 bulbs of the “Brigham Yellow’ Globe” variety were 
used. These bulbs weighed from 58 to 94 g. and germinated uniformly eight 
days after they were placed in water; the number of roots which each pro¬ 
duced varied. Leaves developed on all bulbs with only slight differences in 
number and in size. These bulbs were divided into two grou]>s and six bulbs 
of each were set in the colchicine solution while three remained in water. 
After an exposure to colchicine for 48 hours live bulbs wore irradiated with 
1500r; two bulbs were not coiehieinized but were irradiated only. In the 
other group, five bulbs were coiehieinized.and exposed to 3000r and two non- 
rolchiciuized bulbs were included in this exposure. One coiehieinized and 
two untreated bulbs served as controls in each set. 

The roots of these bulbs were studied at various intervals after treatment. 
The coiehieinized bulbs (fig. 21, bulbs 2 and 7) that wore given 1500r and 
3000r respectively showed clearly 9 days after their return to water that 
growth of the meristem had been inhibited. The non-colchicinized bulbs 
irradiated with 3()00r (bulb 13) showed considerable root injury. The roots 
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of bulbs (bulb 5) which received only 1500r showed the characteristic bend¬ 
ing or twisting of the root-tips and fewer necrotic ones, while bulbs (bulb 18) 
which were eolchicinized only showed outgrowths of the hypertrophied root- 
tips with an abundance of secondary roots. The water controls (bulb 10) 
showed evidence of continued growth even though bulb decay had occurred. 

The roots from some bulbs selected at random from each of these series 
were counted and measured before and after treatment. These were removed 
after their return to water for 19 days to study better the effect produced 
by the treatment. The control bulbs grown in water for 29 days had a num¬ 
ber of long roots with many secondaries. Some of the small roots appeared 
water-soaked and necrotic. The root-tips on the rest w r ere firm and appeared 
to be active. The roots that were irradiated with 15()0r had been in water 
10 days before and 19 days after treatment. The effects of the x-rays seemed 
to be confined to the root-tips, where slight twisting and bending were noted. 
There was evidence of growth, but no secondary roots appeared. The roots 
which were irradiated with 3000r showed more marked distortion of the 
root-tips of the long roots, while the short ones showed no such evidence. 
The irradiated root-tips appeared viable and capable of growih. The bulbs 
that were eolchicinized only and returned to water produced a large number 
of new roots with an abundance of secondary ones; these developed after the 
bulbs were returned to water, giving further evidence that colchicine had no 
permanent grow th-inhibiting effect. 

Roots examined from the bulbs that were colchiciuized and irradiated 
with .1500r 19 days after treatment showed a very limited extension of the 
bulbous tip on a few* of the roots. Here the inhibition of growth induced by 
colchicine and x-rays was practically complete. Similar gross effects were 
obtained with longer exposures to colchicine (72 hours) and less irradiation 
(900r). Roots of eolchicinized bulbs irradiated with 3000r were completely 
arrested in growth, A number of the roots were water-soaked and necrotic. 
No new roots were formed and no secondary roots were visible. The x-ray 
dosage which completely inhibits growth seems to be slightly above 1500r 
wdien combined w ith an exposure to 0.01 per cent colchicine solution for 48 
hours. 

It appears that the 48-honr-colchicinized bulbs were more vulnerable to 
the x-ray treatment even though the time of exposure occurred when the 
number of dividing cells had passed the peak of their reaction to the drug. 
The “colchicine tumor” furnished a means of demonstrating growth inhibi¬ 
tion and helped to point out clearly that the colchicine facilitated the action 
of the x-rays in permanently arresting growth and destroying tissue. Micro¬ 
scopic studies of these roots together with daily measurements furnished 
further evidence on this point. 
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OYTOLOG1CAL CHANGES INDUCED WITH 1500k OR 3000r 

Microscopic studies of the root-tips of the “Brigham Yellow Globe” 
variety were made before and at various periods after exposure to colchicine. 
The root-tips fixed in this series from samplings taken from all bulbs before 
treatment showed abundant karyokinetic activity. In root-tips exposed to 
colchicine for six hours there was an accumulation of metaphases in which 
the chromosome masses seemed to be radiomimetie. The i*ells in the dermato- 
gen were deeply stained and poorly differentiated. The root-tips exposed for 
12, 18, 24, and 48 hours contained an increasing number of metaphases ex¬ 
cept in the last group. Root-tips of this variety of onion eolchiciuizod for 
48 hours and studied 24 hours after their return to water recovered from 
the colchicine effect (fig. 22). Characteristic giant cells with lobulate nuclei 
and normal nuclear and cell divisions were found. The hypertrophy of the 
root-tips was marked, yet the cells were definitely oriented in regular tiers 
as shown in this section and described earlier by Levan (1938), Shimamura 
(1939a), Mangenot (1939), and others. Yet many of the sections seemed 
aberrant because of the difference in size of the' .*ells. The cell arrangement, 
however, was so regular that no aualogy between this hypertrophy and the 
crown-gall disease or malignant growths of animals could be made. The 
“colchicine tumor” does not fall into any category of tumor growth. 

It has been shown by Levan (1938) and others that polyploidy occurs in 
colchicine-treated root-tips, and large numbers of chromosomes have been 
counted. Increasingly large masses of distinct, clearly differentiated, appar¬ 
ently normal chromosomes were observed in the eel Is of the same root-tip 
(fig. 23). Polyploid cells were frequently found in these “colchicine tumors,” 
in crown-gall, and in tumors of animal and man (Levine 1931). Polyploidy 
does not appear to be the sole criterion for malignancy. The causes of this 
increased chromosome-number in overgrowths are not known, though it may 
be ascribed to some disturbance in tin* spindle mechanism. It appears that in 
the polyploid cells of colchicine-treated root-tips the chromosomes may sepa¬ 
rate in anaphase regularly ami equally. The reconstructed nuclei, although 
sometimes lobulate, go through a normal mitosis when the influence of the 
drug is removed. The radiomimetie effect induced by the colchicine disap¬ 
pears. Isolated chromosome masses may be reconstructed to form small or 
irregularly shaped nuclei which account for the irregularity in the size of the 
cells. These features are constant characteristics of malignant growths and 

Explanation of figures 22, 24-26, 28 

Fig, 22. Root-tip e oleine ini zed 4K hours; fixed after 24 hours in water, > 250, Fig. 
24. Root-tip exposed to 1500r; fixed 120 hours after treatment, x 250. Fig. 25. Root-tip 
exposed to colchicine for 48 hours; irradiation 1500r; fixed from water 120 hours later, 
x 250. Fig. 26. Root-tip exposed to rolehicine for 48 hours, irradiation 3000r; fixed from 
water 24 hours later, x 250. Fig. 28. Bulbs exposed to colchicine for 18.1 hours followed 
by irradiation with 150Or; 9 days after return to water. Bulbs 26, 27, 28, rolehicine and 
x rays; 80, colchicine; bulbs 6 and 32, x-rays, x 0.6. 
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are consistently perpetuated in these growths, while in the colchicine-treated 
tissue the normal and polyploid cells seem to persist in subsequent cell gen¬ 
eration and assume normal behavior under normal conditions. 

Non-Colchicinized Irradiated Roots. Normal roots irradiated with 
1500r and returned to water for 24 hours contained no nuclear division fig¬ 
ures as observed by Sax (1941). The peripheral cells of the root-tips were 
densely stained and the contracted nuclei appeared to be in the resting stage. 
Irradiated root-tips taken from the same bulbs 120 hours after their return 
to water resumed growth, as witnessed by the number of division stages (fig. 
24). The resting nuclei appeared normal, yet some had more than two nucle¬ 
oli. The nuclei had assumed a central position in the cell and the nucleoli 
appeared to be isolated by a clear area of nucleoplasm. Microscopically the 
roots appeared normal. 

Colchicinized for 48 hours with 1500r or 3000r. Root-tips colohiciniml 
for 48 hours and then irradiated with 1500r, and returned to water for 120 
hours, showed (fig. 25) elongated old cells with large contracted, undiffer¬ 
entiated nuclei, from which cytoplasmic strands radiated. Here obviously, 
the colchicine effect has been augmented by the injurious influence of the 
x-rays. Control roots irradiated with 3000r and examined 24 hours later con¬ 
tained no division figures. The nuclei, in the dermatogen and outer layers of 
the peribleni somewhat irregular in outline, appeared as densely stained un¬ 
differentiated bodies. The pJerome and inner layers of the periblem had a 
w'ell differentiated cellular structure. The root-tips colchicinized for 4tt 
hours, irradiated with 3000r, and examined 24 hours after their return to 
water were also lacking in division stages (fig. 2(ij. The cells in the periblem 
and plerome had many contracted nuclei which were heavily stained. The 
nuclei in the peripheral cells of the root-tips appeared densely stained. Root- 
tips from this series examined 120 hours after their irradiation showed 
marked destruction of the peripheral cells (fig. 27 j. The calyptrogen was 
represented bv a few elongated enucleated cells. The periblem showed con¬ 
tracted densely staining nuclei w'itii little cytoplasm. The pcricyele about the 
plerome formed regular tiers of cells in which the nuclei w r ere densely stained 
and undifferentiated. Some of these cells, however, had a granular densely 
stained cytoplasm while still others appeared to be considerably plastnolyzed. 
The plerome had formed a number of layers of cells in which poorly differ¬ 
entiated nuclei were present. The cytoplasm w r as sparse and the vacuoles 
large. No division figures were found in any of the numerous serial sections 
made of these roots. It was obvious that these roots had been severely dam¬ 
aged, although the early development of this injury was not visible. 

This microscopic study shows rather conclusively that the combined 
effects of colchicine and x-rays are more effective in reducing the rate of 
growth and briug about earlier necrosis under the conditions of these expen- 
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meuts than x-rays alone. No root markings were successfully made to show 
the difference in effect produced by the x-rays on normal and colchicinized 
root-tips. However, the cytologieal evidence and a study of the growth of the 
root-tips {tables 5, 6) under various treatments show that the colchicinized 
root-tips are more vulnerable to x-rays than those non-eolchicinized. 

EFFECT OF SHORT EXPOSURES TO COLCHICINE 

The fact that in onion root-tips exposed to colchicine for 48 hours irradi¬ 
ation with 900r or 1500r retarded and inhibited the outgrowths of the colchi¬ 
cine hypertrophies made it necessary to study the effects of irradiation on 
roots exposed to this substance for some periods shorter than and intermedi¬ 
ate between 24 and 48 hours. Eighteen onions of the “Yellow Globe* 1 variety 
were germinated in tap water for eight days and then exposed to 0.01 per 
cent solution of colchicine for 18i and 3G hours to test the effect of x-irradi- 
atiou of 1500r. A six-hour exposure to colchicine seemed too short to bring 
about the necessary toxic effects; while nuclear divisions were arrested and 
met a phases began to accumulate, no hypertrophies were produced and root 
measurements were necesarv to determine the effect produced. 

Fourteen bulbs were set in the colchicine solution. After 18 £ hours a 
group of seven designated as “A” was returned to water. The remaining 
seven bulbs, group “B, M were continued in colchicine for 17.i hours longer. 
At the end of 181 and 36 hours, five bulbs from each group were irradiated 
with 1500r, and two bulbs not colchicinized were irradiated with each group. 
Photographic records were made at frequent intervals after they were re¬ 
turned to water. The colchicinized and x-rayed root-tips, nine days after 
their return to water (fig. 28, bulbs 26, 27, 28) resumed growth from the 
bulbous tips. The hypertrophies were small after this short colchicine expo¬ 
sure, nevertheless, they were recognizable and marked clearly the new 
growth after their return to water. When contrasted with the non-irradiated 
colchicinized roots (fig, 28, bulb 30) little or no difference was noted, except 
that the latter produced many secondary roots. 

Hoot-tips irradiated only (fig. 28, bulbs 6, 32) showed only slight twist¬ 
ing of some of the root-tips. Those colchicinized and irradiated were not per¬ 
manently affected in their ability to resume growth, yet 23 days after treat¬ 
ment these bulbs (fig. 29) presented some contrast with the earlier stages. 
At this time colchicinized-x-rayed bulbs (bulbs 26, 27, 28) showed only slight 
increases in the length of roots. Secondary roots were formed on the distal 
portion of some of the long primaries and some new roots had formed. The 
roots of the x-rayed bulbs (bulb 6) had increased slightly in length and in 
number. The colchicinized non-irradiated bulbs (bulbs 30, 31) produced 
many new roots, as well as long outgrowths from the hypertrophied root- 
tips. The colchicine appeared to produce no marked observable changes. In 
contrast with these results the longer colchicine exposures, 48 hours and 



Fig. 27. As in figure 2fi; fixed 120 hours after irradiation. / 250. Fm. 29. Same os 
figure 28; 23 days after return to water, x0.fi. Fio. 30. Section of root-tip colehicinized 
18} hours, x 500. Fig. 31. Section of root-tip in colchicine for 18} hours, irradiation 
1500r. x500. Fig. 32. C'hroinosomeR and resting nuclei in root-tips as affected by col¬ 
chicine and irradiation; treatment as in figure 31. x 1800. 
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more, followed by 1500r brought about nearly complete and permanent inhi¬ 
bition of growth. 

Microscopic sections were studied of roots taken from bulbs 26, 27, and 28 
after 18] hours exposure to colchicine and immediate fixing. The metaphase 
stages (fig. 30) were in abundance and confined principally to the periblem 
and dermatogen. Here many early prophases appeared and indicated marked 
growth activity. Sections of fixed material made 24 hours after the colchicine 
treatment showed normal cells, some of which were in prophase and telo¬ 
phase stages; while those root-tips which were colchicinized, irradiated, and 
immediately fixed showed the intensified clumping of chromosomes com¬ 
monly seen in the primary stages of x-ray effects referred to above (fig. 31). 
The resting nuclei in some of the cells (fig. 32) showed the characteristic* 
clear area about the nucleoli. The dividing nuclei consisted of longitudinally 
split chromosomes, chromosome fusions, and in some instances fragmen¬ 
tation. 

It seems that while colchicine causes analogous cytologieal changes at 6, 
12, 18, 24. and 48 hours of exposure, the longer exposures induce some micro¬ 
scopically unrecognizable alterations. These changes permit the cells to 
resume growth for a short period after the shorter exposures to colchicine 
followed by 1500r, but completely and permanently arrest the growth when 
the longer colchicine exposures are followed by the same x-ray dosage. This 
is evidence of the fact that the irradiation is not the sole factor that inhibits 
growth but that both agents supplement each other effectively. 

In the colchicinized-irradiated root-tips 24 hours after treatment no divi¬ 
sion figures were found. The nuclei appeared to be contracted, yet beauti¬ 
fully differentiated with ruby-red bodies, apparently nucleoli, and numerous 
granules stained with gentian violet on a delicate reticulum. The nuclei 
appeared somewhat irregular in shape and resembled those described above. 

Root-tips of bulbs irradiated only were studied immediately after the* 
roots were irradiated with 1500r. The cytologieal changes of the division 
figures wen* less marked than in the eolehieinized-x-rayed root-tips. Many of 
the resting nuclei were heavily stained. In the resting nuclei the chromatic 
material was concentrated near the nuclear membrane, leaving a clear area 
about the nucleoli. Some of the peripheral cells contained densely stained 
undifferentiated nuclei. The cytologieal structure of the root-tips fixed 24 
hours after irradiation was normal but no division figures were seen. The 
arrangement of the chromatic material about the nuclear membrane was not 
marked but was evident in some cells. 

At the end of this experiment, 31 days after irradiation, the roots of 
colchicinized and irradiated bulbs had increased only slightly in length. 
Some of the roots took on a dingy brown color. The roots which had been 
colchicinized only were growing vigorously, while roots that had been irradi¬ 
ated only had grown in an irregular manner so as to be apparently twisted 
at the tips. 
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Fia. 33. Bulbs 33, 35, 36, exposed to colchicine for 36 hours; lrradiatjon low r; oalb 
38, colchicine only; bulb 40, irradiated only; bulb 17, -water only; 8 days after water. 
x0.6. Fl0. 34. Same group as figure 33, 22 i days after their return to water; bulb 39, 
colchicine-treated only, x 0.6. 
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Fiq. 35. Root-tip colehieinized 36 hours; fixed 24 hours after return to water. \500. 
Fig, 36. Exposed to colchicine 36 hours; irradiation 1500r. x 500. Fig. 37. Bulb 3, col¬ 
chicine 48 hours, irradiation 3000r; bulb 6, colchicine 2 days; bulb 13, irradiation 3000r, 
followed by water 6 days; bulb 11, acenaphthene 2 days, irradiation 3000r; bulb 9, 
aoenaphthese 2 days, C days in water after treatment; bulb 15, water only, x 0.6. Fig. 38. 
Root-tip from bulb 11 (fig. 37) 2 weeks after irradiation, x 250. Fig. 39. Root-tip after 
exposure to colchicine for 48 hours; irradiation 3000r; returned to water for 2 weeks, 
x 250. 
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Fig. 40. Bulbs 1(1, 18, 21, eolchicinized for 2 days, exposed to 1500r, and returned 
to water for 0 days; bulb 23, exposed to aeenaphthene for 2 days; bulb 25, exposed to 
aeenaphthene for 2 days, irradiation J500r; bulb 28, irradiation 1500r; bulb 29, un¬ 
treated; 7 days after their return to water. * 0 . 0 . Pig. 41. Root-tip from bulb 28 shown 
in figure* 40, *4 days after irradiation, x 250. PiG. 42. Root-tips from bulb treated with 
aeenaphthene for 48 hours. /250. Fig. 43. Root-tip from bulb treated with acenaplitliene 
and irradiation 1500r; 4 days after the treatment,, v 250. 
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The “J>” group included onions exposed to colchicine for 36 hours fol¬ 
lowed by irradiation with 1500r. Of tliis group (fig. 33). bulbs 33, 35, and 36 
were eolehicinized and irradiated; bulb 38 was eolehicinized only ; while bulb 
40 was irradiated only and bulb 17 was not treated. The photograph shown 
as figure 33 was taken ei«**ht days after treatment. 

The hypertrophied tips on the eolehicinized irradiated group had grown 
slightly 8 days after their return to water in comparison with those (bulb 38) 
that were eolehicinized only. The bulbs irradiated only had root-tips which 
grew with characteristic irregularity. Twenty-two days after their return to 
water (fig. 34) there appeared to be little change in the length of the colehi- 
cinized-irradiated roots. There wen* some flaccid, water-soaked roots, while 
no new roots appeared. The bulbs eolehicinized only showed an extensive 
growth from the hypertrophied root-tips. The bulbs irradiated only showed 
some increase in root length and some new roots appeared. 

It is obvious that the effects of colchicine and irradiation are more active 
when combined than when used singly. The irradiated plants studied are 
affected, but not so much as those that received the longer colchicine treat¬ 
ments. It appears that the optimum effect is attained when irradiations are 
combined with an exposure to colchicine of more than the 36 hours. The 
combination of 9U()r with 0.01 per cent colchicine for 72 hours or 1500r with 
48 hours exposure to colchicine is most effective in arresting root growth 
without destroying the root. 

There was no marked microscopic difference between these roots and 
(hose treated for 18 hours in colchicine. Serial sections of the root-tips 24 
hours after the 36-hour exposure to colchicine showed many normal as well 
as polyploid cells \ fig. 35). The prophase division stages were abundant; 
anaphase cells which appeared polyploid although not exceedingly hyper¬ 
trophied were found here with numbers of contracted chromosomes. The col- 
elneiuized-irradiated root-tips (fig. 36) contained many resting cells which 
were densely stained. There was evidence of contraction of the chromatic 
network. The dividing nuclei had tin* chromosomal fusions typical of colchi¬ 
cine-irradiation treatments, which appeared to he somewhat more intense 
than the radiomimetic effects of colchicine alone. Of these bulbs, root-tips 
examined 24 hours after irradiation had no division figures, and the cells 
resembled those observed in the 18-hour colchicine irradiation group. 

It appears that the longer colchicine exposures induced some non-reeog- 
nizahle toxic change, which makes the cells more susceptible to the irradi¬ 
ation. The fact that the greatest x-ray effect is induced after exposures to 
colchicine for more than 48 hours indicates that the action of the x-rays is 
independent of the nuclear division phase hut is in some way dependent 
upon the influence exerted by the colchicine. 

Montkfiokk Hokwtal 
New Yokk 
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MEDICINAL HERBACEOUS SPECIES IN THE NORTH¬ 
EASTERN UNITED STATES 

Ralph Holt Cheney 

Economic botany, particularly in its food and materia medica phases 
(Godshall 1942; Merrill 1943), served the Avar effort directly in numerous 
ways. This paper is limited to those Avascular plants Avliich are potential 
sources of drugs in the northeastern part of the United States. These plants 
are of interest because they could be gathered annually to supply a part of 
the total amount of the therapeutic compounds used by the medical profes¬ 
sion. Some of these botanic drugs are important medicinal agents and are 
not made synthetically. These species could also provide the basis for the 
establishment and subsequent genetic improvement of a cultivated crop not 
produced currently in the area surveyed. A considerable list of drug plants 
such as described by the author and others (Ballard, Cheney & Pokorny 
1943) for the Brooklyn Botanic Garden, are displayed usually in municipal 
and institutional botanical gardens. In every such display, however, the 
number of individual plants of most of the species is so small that they could 
not serve effectively as a source of seeds or other parts for any extensive 
propagation of a drug crop. Even before the present world Avar, a Committee 
on Pharmacognosy and Pharmaceutical Botany of the National Research 
Council began an investigation 1 of the wild medicinal plants of the United 
States. One of the purposes of this survey was to tabulate the geographic 
distribution and abundance of naturally growing domestic sources of botanic 
drugs for reference in periods of national emergency. Although considerable 
data on the location, abundance, and some useful ecological information, had 
been compiled by the advent of the United States into the war, it was obvious 
that the magnitude of this task would make its value primarily one of a long 
term nature. 

Early in 1941, it was my privilege to discuss, before the combined com¬ 
mittees of the New York Academy of Medicine, the problem of drug plant 
sources and their availability in view of the drug shortages due to the effect 
of the war upon our normal importation. During the next two years some of 
the commercial companies increased their acreage of drug plants as much 
as one thousand per cent. The Federal Government has grown quinine seed* 

1 “ A Survey of the Wild Medicinal Plants of the United States—Their Distribution 
and Abundance 1937; with supplements. Compiled by tin* Committee on Pharmacognosy 
and Pharmaceutical Botany, Division of Biology and Agriculture, National Research 
Council. (Processed. Not for general distribution .) 99 
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lings (Cinchona varieties of the cultivated Dutch East Netherlands type) 
and distributed them for planting in proper ecological areas of tropical 
America. Moreover, the U. S. Cinchona Mission to South America reports 
(Steere 1945), in addition to the common quinine-producing species, an 
area in southern Colombia and Ecuador where the supposedly rare species, 
Cinchona pifayensis, is fairly abundant. Its bark yields 3% quinine sulphate. 
In addition, this mission reports the bark of another small tree, Rcmijia 
pc dune nl a ia, although not the genus Cinchona, also yields 3% quinine sul¬ 
phate and is abundant in the eastern range of the Colombian Andes. Already 
the Cinchona bark quotas set up in 1942 by the U. S. Office of Foreign Eco¬ 
nomic Administration in an arrangement with the Andean governments 
have been exceeded. The Bureau of Plant Industry, cooperating with the 
Bureau of Narcotics, has information for the production of opium and suita¬ 
ble seeds to meet the morphine requirements of both the military and civilian 
needs of the V. S. (Sonnedecker 1943). Our northwestern States can supply, 
if commercial growers should fail, enough Digitalis purpurea L., to supply 
our demand. 

The author began an investigation in 1941 to determine the availability 
of herbaceous medicinal species occurring in the wild state and in nurseries, 
in the northeastern area of the United States. In spite of considerable field 
data on hand, it was impossible to tabulate in any great detail the local dis¬ 
tribution of wild and cultivated medicinal species. Moreover, the literature 
reveals no standardized criteria for the determination of drug plant species, 
especially when non-official species were included. Therefore, it was decided 
that the study would attempt merely to list the herbaceous medicinal species 
in the area surveyed and to obtain quantitative data only on ten representa¬ 
tive drug plants known to be utilized in current pharmaceutical prepara¬ 
tions. The author (Uheney 1944) has made a preliminary report on these 
ten species, which were chosen from a list ((lathercoal 1941. 1942) involving 
a wide variety of therapeutic principles and plants typical of the several 
major ecological conditions existing within the area surveyed. Since these 
ten species were cultivated, their abundance in the approximating 24(H) 
nurseries of the States involved indicated their availability for medical 
utilization during the present emergency. The eight States involved are New 
Jersey, New York, Uonneeticut, Rhode Island, Massachusetts, Vermont, New 
Hampshire, and Maine. During the past four years, the majority of the 
nurseries which grow herbaceous plants, have been visited by the author in 
connection with his field trips or information was obtained by questionnaire. 
The ten selected drugs, with the species from which they are obtained, are 
shown in the accompanying table. 

The wild herbaceous, medicinal species occurring in the northeastern area 
include actual and potential sources mostly of minor therapeutic signifi- 
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eauce. If not of major medicinal value, they are of interest from the view- 
}K)int of their availability for plant breeding. The concentration of active 
therapeutic: compounds can be accomplished as it has been done with Aconi- 
tum (Bonisteel 1943). The data presented should be of importance, not only 
for their possible collection for emergency utilization, but because they are 
elucidative on the possibility of developing certain species as the basis of a 
future dm# source industry in this area which would protect us against 
shortages in the event of similar national emergencies. 

The wild herbaceous species possessing medicinal value and growing 
naturally in general throughout the eight states—unless otherwise indi¬ 
cated—covered by this survey are shown in the table on pp. 64-70. 

SUM MANY 

With the exception of considerable numbers of plants of Convallaria , 
only a relatively few plants or a small quantity of seed is available of the ten 
cultivated species. One or more of these species is propagated by the growers 
of several states only to the following extent: in 14 per cent of the Connecti¬ 
cut nurseries, Maine 0, Massachusetts 40 per cent. New Hampshire 30 per 
cent, New Jersey 20 per cent. New York 20 per cent, Rhode Island 26 per 
cent, and Vermont 24 per cent. These percentages would be reduced very 
greatly if it were not for the inclusion of lily-of-the-valley and sage in this 
list. By less than 0.5 per cent of tlie nurseries a few plants were reported of 
Afropa belladonna L. (belladonna), Volvhivum autnmnalc L. (colchicine), 
II(thorn f pulegioidts (L.) Pens. (American pennyroyal), and Vrtjinea man - 
lima (L.) Baker (red squill). A more informative picture of the scarcity of 
the drug plant propagation of these ten species for which quantitative data 
were obtained may be shown by the tabulation cited below for the area sur¬ 
veyed. 


Species 

Conn. 

Me. 

Mass. N.H. 
per cent nurseries 

N.J. 

in which 

N.Y. 

grown 

I U. 

vt. 

A con Hum napt llus L.*' , 

0 

0 

5% 

5% 

4% 

12% 

1% 

8% 

Aloe vrra L. 

0 

0 

0 

0 

0 

0 

0 

0 

Afropa belladonna L. 

0 

0 

0 

0 

0.5% 

0 

0 

0 

Convallaria majahs L. 

14% 

0 

40% 

12% 

12% 

20% 

2% 

12% 

Datum stramonium L. 

0 

0 

0.5% 

0 

0 

0.5% 

0 

0 

Digitalis purpurea L. 

0.5%. 

<1 

5% 

5% 

8% 

8% 

2% 

1% 

Hyoscpamtts niger L. 

0 

0 

0 

0 

0 

0 

0 

0 

Salvia officinalis L. 

0.5% 

0 

30% 

2.5% 

8% 

4% 

1% 

12%. 

Vrginca maritime (L.) Baker 

0 

0 

0 

0 

0 

0 

0 

u 

Valeriana officinalis L. 

0.5% 

0 

20% 

2.5% 

12% 

8%. 

or 
- /e 

1% 

M Much of the aconite was found to he 

A. Fishcrih not A 

. no pell us I>. 




The cultivation of drug plant species by a few botanic drug companies 
has increased greatly since the advent of world war II. Otherwise, in com- 
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■* unui/<ma ij.) cneeses; waste flowers Mai vac Flores U emollient 

places and culti¬ 
vated grounds 

d Also called Hydrastidis rhizoma P.I. 

e Baid to he injurious to browsing cattle due to the photosensitizing principle, hypericin. 




f Menthol derived from Oil of Peppermint is Official. Somewhat antiseptic and used locally with rubefacient, analgesic, cooling & 
antipyretic effects. 
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parison with published historical data (Sievers 1940), the propagation acre¬ 
age of drug plants in the northeastern United States has decreased decidedly 
since world Avar I. For example, in 1938 four growers in New Jersey raised 
belladonna on approximately 35 acres, whereas the acreage devoted to this 
species in 1941 was practically nil. Owing to current labor conditions, less 
than 25 per cent of the nurseries expressed their willingness to grow drug 
plants even with federal aid. However, in the spring of 1942, the United 
States Department of Agriculture distributed seed, and in the fall of 1942 
between 400 and 500 acres of belladonna were harvested in Wisconsin, Penn¬ 
sylvania, Virginia, Tennessee, Ohio, and in some states outside the north¬ 
eastern area. 

The wild speeies of this area involve 51 genera and 67 species. They are 
all Angiospermae with the exception of 2 genera and 3 species. They have 
not been utilized effectively in the present emergency. In Maine, no recent 
cultivation of drug plants has been attempted, but a few individuals have 
collected with profit such items as juniper berries and lycopodium spores. 
The natural resources of the other States have not been drawn upon to make 
any contribution to emergency drug sources. Significant quantities of some 
of these wild speeies could be gathered upon request by the medical or 
pharmaceutical profession for a single season. However, any annual produc¬ 
tion basis would require cultivated acreages and a concentration of the active 
principles by selection and breeding. 

Division of Biological Sciences. College or Arts and Sciences; and 

the Brooklyn College of Pharmacy. Long Island University 
and 

Brooklyn Botanic Garden 
Brooklyn, New' York 
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STUDIES ON PHILIPPINE CHLOROPHYCEAE—II. SURVEY 
OF LITERATURE AND LIST OF RECORDED 
SPECIES PRIOR TO 1940 

William J. Gilbert 

Although the first list of Philippine marine algae was published a little 
more than a century ago, the number of papers or books that refer to them 
since that time is surprisingly small. Probably the first record of a marine 
alga from this region is to be found in the first edition of Blanco's Flora de 
Filipinos, published in 1837. In this work Blanco described nine plants, 
apparently all from the island of Luzon, to which he gave names that were 
applicable to alga-like plants. Most of the binomials were preexisting, but 
there was no citation of authorities. The descriptions that accompany the 
names are very general, so that for the most part they eaimot be used for 
determining; anything 1 more than the genus to which tlie plants are to he 
referred. The difficulties of knowing the particular species with which 
Blanco was dealing are further increased because there is no permanent 
record known of the plants he studied. 

Among the Thallophyta in Blanco's first edition of Flora dr Filipintts are 
to be found the following: Fuchs prolifer Blanco, F. deniiculatis Blanco. 
F. gulaman Blanco, Viva umbdicalis Blanco, V. compressa Blanco, V. reticu¬ 
lata Blanco, V. infestinalis Blanco, Conferva littoralis Blanco, and C. setosa 
Blanco. 

The description of Fucus prolifer Blanco unmistakably refers to a species 
of Halimeda , but because of its incompleteness could be applied to one of at 
least three different species that are relatively common in the Philippines, 
namely Halimeda macrohdxt Decaisne, H. Tuna (Ellis & Solander) 
Lamouroux f. platgdisea (Decaisne) Barton, or Jl. discoidea Decaisne. It 
is interesting to point out that all three of these were described subsequently 
to Blanco's original work. The plant distributed by Merrill as $ pedis 
Blancoanae So. 99d, which he thought duplicated Fucus prolifer Blanco, 
is Halimeda macroloba Decaisne. 

The second name in the list above, Fucus denticulatus . is apparently a 
Sargassum; in the second edition (1845) of the Flora d( Filipinos F. den¬ 
ticulatus is replaced by the name F. natans Blanco. F. gulaman , called 
F. edulis in the second edition, may be a Gradlaria. The plant listed as 
Viva umbilical is seems to be a species of Pad i no. The Viva compressa of 
Blanco appears undoubtedly to be a species of Entcromorpha , and his Viva 
reticulata does not appear to be Z7. reticulata Forsskal, but it is more likely 

73 



74 


BULLETIN OF THE TORREY VhVB 


[Vol. 73 


a species of Hydroclathrus, for in the description he speaks of its brown 
color. Blanco’s Viva intestinalis does seem to correspond with U. intestinalis 
Linnaeus, now known as Entcromorpha intestinalis (L.) Link. The last 
names in the list above are not marine plants, for the description of Conferva 
lit (oralis refers to a species of Chara, and Conferva setosa Blanco is prob¬ 
ably not an alga, for it is reported growing from the leaves of trees and 
looking like the hairs of a horse. The latter may have been a species of the 
algal genus Trentepohlia or a representative of the lichen family Usneaceae. 

From this list it is possible, therefore, to claim only three of the nine 
species as marine Chloropliyeeae, being fairly certain of the identity of 
Enteromorpha intestinalis (L.) Link, and knowing only the genera of the 
other two with certainty ( Enteromorpha sp. and Halimcda sp.). 

Five years later Berkeley (1842) in his “Enumeration of fungi collected 
by II. Cuming in the Philippine Islands,” described as a fungus under the 
name Dichoncnui erection a plant that A. Gepp and E. S. Gepp later showed 
to be an alga, and which they named AvrainviUea ereeta (Berkeley) A. & 
E. S. Gepp. 

Following this by two years, a paper by Montague (1844) dealing with 
the plants collected by H. Cuming in the Philippines, listed the following 
seven species of green algae: Cladophora pellucida (Hudson) Kutzing, 
Viva reticulata Forsskal, Canlerpa taxifolia (Vahl) 0. Agardh, C. plumuris 
(Forsskal) C. Agardh, Codium tomentosum (Hudson) Stackhouse, Uduicn 
sordida Montague, and Halimcda discoidea Deeaisne. In this list Cladophora 
pellucida , Viva reticulata , Caiderpa taxifolia , and Halimcda discoidea an* 
still accepted species. Of the others, Canlerpa piunions is synonymous with 
C. sertularioides (Gmelin) Howe, Codium tomentosum is synonymous with 
C. dichotomum (Hudson) S. F. Gray, and Udotea sordida (described by 
Montague as new in his paper) is AvrainviUea end a (Berkeley) A. & 
E. S. Gepp. 

The Chloropliyeeae from the Philippines are next mentioned by G. von 
Martens (1866), reporting on the botany of the Prussian Expedition to 
East Asia, who listed the following nine species from the region of Zam¬ 
boanga, Mindanao: Chaetomorpha in fata Kutzing, Viva reticulata Forsskal, 
Chauvinia clavifcra Turner, Halimcda Opuntia (L.) Lamouroux, 1L dis¬ 
coidea Deeaisne, 77. cuneutu Kiitziug, Valonia vtricidaris Roth, V. macro - 
physa Kutzing, and Microdidyov dathratum Martens. 

Regarding the first of the preceding list, this is one of the very few 
reports of Chaetomorpha in flat a since it was first described by Kutzing from 
Java, and because Martens described it so briefly and the occurrence of 
the species appears to be so rare, it is to be considered a doubtful record 
until it can be verified. Chauvinia clavifcra is now synonymous with 
Canlerpa racemosa (Forsskal) J. Agardh var. clavifcra { Turner) Weber-van 
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Bosse. Halimcda run rata Kiitzing (not H. cuneata Hering) is listed by 
Barton (1901) among the synonyms of H. gracilis Harvey. Valonia macro - 
physa is not definitely known from the Pacific or Indian Oceans, and since 
tlie report of* it was not accompanied by a description the record is to be 
seriously questioned. Microdictyon cl a thru I urn, described by Martens as new, 
is actually Amid yarn cue Lednnchcrii Decaisne. Interestingly enough, this 
same year Gray (in his article “On Anadyomene and Microdictyon , with the 
description of three new allied genera,” etc.) referred a specimen from 
the Sulu Archipelago that Harvey had sent him to Cystodictyon LecUmcherii 
(Decaisne) Gray, having considered that Amidyomenc LecUmcherii Decaisne 
was sufficiently different from other species of Anadyomene to constitute 
tin* type of a new genus. 

Dickie (1876), in his “Contributions to the botany of the expedition 
of II. M. S. ‘Challenger.’—Algae, chiefly Polynesian,” adds considerably 
to the list of Philippine marine Chlorophyceae. He lists about 47 species 
of algae from the Philippines and among them are the following Chloro¬ 
phyceae: From the island of Marfan, opposite the Harbor of Cebu, Halimcda 
0 punt hi (L.) Lamouroux, II. macroloha Decaisne, Cod him tomentosum 
(Hudson) Stackhouse, (\ adhaerens (Cabrera) C. Agardh, Poly physa 
spirilla Kiitzing, Clva reticulata Fnrsskal; from Zamboanga, Mindanao, 
Caulrrpa pcltata Lamouroux, C. clarifrra (Turner) C. Agardh, Halimeda 
Tuna Lamouroux, Valonia utricularis Both, Dietyospharria favulosu (C. 
Agardh ) Decaisne, Chat n tirnlafa Forsskid, Cladophora mauritiana 
Kiitzing; from Big Santa Cruz Island, opposite Zamboanga, Caulrrpa 
pin mavis (Forsskal) C. Agardh, Halimcda Opunlia (L.) Lamouroux, Valon ia 
fastigiata Harvey, and Anadyomene llabdUita Lamouroux. 

The determination of the material which Dickie called Poly physa spicata 
is incorrect, and the specimens should have been named Halicoryne Wrightii 
Harvey according to Sol ms-La ubaeh (1895) who saw the material while 
preparing* his “Monograph of the Aeetabularieae.” CnuUrpa davifira is 
synonymous with (\ raccnwsa var. davifira . and Dirt yospharria favulosu 
is now known as 71. cavernosa (Forsskal) Btfrgesen. Cladophora mauritiana 
is known only from the Indian Ocean, except for this report from the 
Philippines, and the determination is therefore questionable, especially since 
it. is not accompanied by a description. Anadyomene fUibiUata is now" known 
as A. stdlata (AVulfen) (\ Agardh, but the writer is inclined to feel that 
the material here reported is more likely either Anadyomene Wright ii 
Harvey or A. plicafa 0. Agardh, both of which are common species of 
this region. 

Just a year later Dickie (1877) published an additional paper whieh was 
entitled “Supplementary notes on algae collected by II. N. Moseley of 
11. M. S. ‘Challenger* from various localities.” In this paper he listed a 
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few additional species from the Philippines, ami anion”* them (from Zambo¬ 
anga) is included a single marine chlorophyeean, Acetabularia Calyculus 
Quov & Gaimard. 

Piccone (1886) in his Alghe del viaggio di circumnavigazionc della 
Vettor Pisani listed the following Chlorophyeeae from the island of Ticao, 
Masbate Province: Utva reticulata Forsskal, Enteromorpha flcxuosa d. 
Agardh, C aider pa laetevircus Montague, and Codium tomentosnm (Hudson) 
Stackhouse. Of these four species Enteromorpha flcxuosa had not been pre¬ 
viously reported. Caulcrpa laetevircus is synonymous with C. raeemosa 
(Forsskal) J. Agardh var. laetevirens (Montague) Weber-van Posse. 

From the results of the Siboga Expedition are added several more species 
to the list of marine Chlorophyeeae from the Philippines. Barton (1901) in 
her monograph on “The genus Halimeda" reported that Halimeda Opuntia 
(L.) Lamouroux and H. macroloba Decaisne are found among the Siboga 
collections from the Sulu Archipelago. Ten years later A. Gepp and E. S. 
Gepp (1911) add the following seven species in the report of “The Cotliaceae 
of the Siboga Expedition,” these also being from the region of the Sulu 
Archipelago: Udotca orientals A. & E. S. Gepp, V. argent ea Zanardini var. 
spumosa A. & E. S. Gepp, V. Flabellutu (Ellis & Solander) Lamouroux, 
Codium d iff or me Kiitzing, C. ovale Zanardini, C. ieuue Kiitzing, and (\ < Ion- 
gat um 0. Agardh. 

Mine. Weber-van Bosse (1913) in the “Liste des algues du Siboga. 1” 
reported the following Chlorophyeeae as occurring among the collections 
from the Sulu Archipelago in addition to the species from the Siboga 
Expedition mentioned in the two preceding articles: Viva Lactuca L., 
C. reticulata Forsskal, Enteromorpha criniia (Roth) C. Agardh, C ladopho - 
rupsis sundanensis Reinbold, Yalonia utricularis C. Agardh, V. fastigiata 
Harvey, Bor net clla sphaerica Zanardini, B. oligospora Xolms-Laubacli, 
Caulcrpa sertularioidcs (Gmelin) Ilowe, (■. Beluga (Turner) C. Agardh, 
C. Frcyeinettii (C. Agardh) Weber-van Bosse, and (\ crassifolia (C. 
Agardh) J. Agardh. In the list above C. Frcyeinettii has become (\ scrrulatu 
(Forsskal) J. Agardh emend . Bprgesen. 

In 1918 Merrill published his “Species Blancoanae,” a critical revision 
of the Philippine species of plants described by Blanco and Llanos, and in 
it three species are referred to the Chlorophyeeae, namely Enteromorpha 
infest inalis (L.) Link, E. prolifera J. Agardh, and Halimeda Opuntia (L.) 
Lamouroux. There is no reason to doubt the accuracy of the first two de¬ 
terminations, but the plant which Merrill distributed in the exsiccata as 
Species Blaneoanae No. is not Halimeda Opuntia , but rather H. macro¬ 

loba Decdisne. 

According to the late Dr. M. A. Howe (1932), there are the following 
Chlorophyeeae among the algae collected at Panay Island by Lieut. II. C. 
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Kellers, M.D., who was attached as surgeon to the Naval Eclipse Expeditions 
of 1929 and .1930: Enicromorpha lingula la J. Agardh, Chactomorpha 
Kcllcrsii Howe, (Underpa cUwifera (Turner) C. Agardh, P. macrodisca 
Deeaisne, and Acciabularia major Martens. The plant which Howe called 
Paulcrpa macrodisea is (\ peltata Lamouroux var. macrodisca (Deeaisne) 
Weber-van Bosse. 


SUMMARY OF RECORDS 

Following is a cheek-list of all Philippine marine Chlorophvceae appear¬ 
ing in the literature before 1940; it has been arranged systematically 
so that the species come under the order and family to which they belong; 
each species is followed by the name of the author or authors reporting it, 
and the name under which it was listed if that name differs from the present 
accepted name. When the accuracy of a determination is in doubt the specific 
name is preceded by a question mark; species for which the Philippines is 
the type locality are marked by an asterisk. 

PLOT RICH ALES 
i'I.vackaf: 

Entkkomokpua ckintta (Roth) C. Agardh. (Weber-van Posse, HUM. i 

K. ri.F.xrosA (Wulfen) Agardh. (Piceone, 188b.) 

E. I.VTKSTINAi.is (L.) Link. (Blanco, )S:!7, as Viva folfxtinalis; Merrill, HUS.) 

E. UNtii LATA .1. Agardh. (Howe. 19M2.) 

E. 1‘KOLIFKKA ,L Agardh. (Merrill, HUS.) 

Ui.va Haiti ca L. fWeber-\nn Bosse, HUM.) 

U. kktutlata Forssknl. (Montague, 1844; Martens, ISbb; Dickie, 187b; Piccone, 188b; 
Weber van Bosse, HUM. * 

SIPHONOCLA DALES 

VAliONTACEAK 

I Mrnosrnu.in \ i weknosa (Forsskal) P»orgesen. (Dickie, 187 (>, as D. favnhtxa.) 

Yaloxia kastigiata Harvey. (Dickie, 1870; Weber van Bosse, HUM. ) 

/ V. MACKOPHYKA Kiit/iiig. (Martens, 18(5(5.) 

V. iTKUTLARis Roth. (Martens, 18(5(5; Dickie, 187 (>; Weber-van Bosse, HUM.) 

ItOODLKACKAE 

( 'i.ai>opi lOKorsis sr no wen sis Reinbold. (Weber van Bosse, HUM.) 

A N A !)YO M EN’ACEA E 

Axadyomene Le< lancukru Deeaisne. (Martens, 18(5(5, as Mu'rntJictyon dalhmhnn; 
Cray, 18(5(5, as Cyslmtietyon Lcehnchcrii.) 

? A.sTKMiATA (Wnlf'en) C. Agardh. (Dickie, 1870, as .4. flabillata.) 

l-hAPOPUORACEAE 

? ('LAnortioUA MAPRITIANA Kiitzing. (Dickie, 187b.) 

(\ cki.uvira (Hudson) Kiitzing. (Montague, 1841.) 

? Uuaetoaiokcha ixPLATA Kill sing. (Martens, 18(5(0 
* (\ Kkim.krsii Howe. (Howe, 1932.) 
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DA 8 YCL AT) ALES 
dasyoladaceak 

Bornetella SPHAerica (Zaiiardini) Solms-Laubach. (Webcr-van Bosse, 1913.) 

B. oligospora Solms-Laubach. (Weber-van Bosse, 1913.) 

IIalicoryne Wrightii Harvey. (Dickie, 1876, as Polyphym spiedla.) 

Acetabularia Calycultts Quoy & Gaimard. (Dickie, 1877.) 

A. major Martens. (Howe, 1932.) 

SIPHON ALES 
caulerpaceae 

Caulerpa craksifolia (0. Agardh) J. Agardh. (Weber-van Bosse, 1913.) 

C. PELTATA Lamouroux, (Dickie, 1876; Howe, 1932, as C, macrodisea.) 

C. racemosa (Forsskiil) J. Agardli 

var. clavifera (Turner) Weber-van Bosse. Martens, 1866, as Chauvinia clavifera; 
Dickie, 1876, as Caulerpa clavifera; Howe, 1932, as (7. clavifera,) 

var. laetevirens (Montague) Webur-van Bosse. (Piccone, 1886. as C . laetf rin ns,) 

0. Selago (Turner) C. Agardh. (Weber-van Bosse, 1913.) 

0. SERRULATA (Forsskiil) J. Agardh emend, Borgesen. (Weber-vau Bosse, ISM3, as C, 
Frcydnettii.) 

C. SERTTJLARIOIDES (Gmeliu) Howe. (Montague, 1842, as C. phnnaris; Dickie, 1876, as 
C. plnmarun; Weber-van Bosse, 1913.) 

(!. taxifolia (Vahl) C. Agardh. (Montague, 1844.) 

UODIACKAK 

* Avrainvillea ERECTA (Berkeley) A. & E. S. Gepp. (Berkeley, 1842, as Dichonnna 
erect urn; Montagne, 1844, as Udotca sordida; A. & E. S. Gepp, 1911.) 

Udotea argentea Zanardini var. xpumosa A, & E. S. Gepp. (A. & E. 8. Gepp, 1911; 
Weber-van Bosse, 1913.) 

U. Flauellum (Ellis & Solander) Lamouroux, (A. A E. S. Gepp, 1911; Weber-vau 
Bosse, 1913.) 

IT. orientals A. & E. S. Gepp. (A. & E. S. Gepp, 1911; Webervan Bosse, 1913.) 

Codjvm aduakkkns (Cabrera) 0. Agardh. (Dickie, 1876.) 

? C. DK’HOTOMCM (Hudson) 8. F. Gray. (Montagne, 1844, as (\ Umentosnm; Dickie, 
1876, as C, tomentosurn; Piccone, 1886, as C. foment os am,) 

C. difforme Kiitzing. (A. & E. 8. Gepp, 1911; Weber van Bosse, 1913.) 

0. elongatcm C. Agardh. (A. A E. 8. Gepp, 3911; Weber van Bosse, 1913.) 

C. ovale Zanardini. (A. & E. S. Gepp, 1911; Weber van Bosse, 1913.) 

0. ten he Kiitzing. (A. & E. 8. Gepp, 1911; Webervan Bosse, 1913.) 

Halimeda mscoidea Decaisne. (Montagne, 1844; Martens, 1866.) 

H. gracilis Harvey. (Martens, 1866, as JL cuneata Kiitzing.) 

H. macroloba Decaisne. (Dickie, 1876; Barton, 1901; Weber van Bosse, 1913; Merrill, 
1918, as //, Opuntia.) 

H.Opuntia (L.) Lamouroux. (Martens, 1866; Dickie, 1876; Barton, 1901; Weber van 
Bosse, 1913.) 

H. Tuna Lamouroux. (Dickie, 1876.) 

The writer is indebted to Professor Wm. Randolph Taylor of the Uni¬ 
versity of Michigan for his helpful suggestions and encouragement during 
the preparation of the present paper. 

Terre Haute, Indiana 
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A REVIEW OF THE STATUS OF SEVERAL AMERICAN 
SPECIES OF DALEA 

Robert T. Clausen 

This article is the result of* a study to determine the proper scientific 
name for tlie species of Dalai which is native in southern Florida. At first 
thought, this might seem like an easy task. One should need only to consult 
Small’s Manual of the Southeastern Flora, which covers all of Florida. There 
the name is given as Parosela floridana Rydberg. This biuomial was proposed 
in 1920 for a segregate from what had previously been called Parosela 
domingensis (DC.) Millsp. (Dalea domingensis DC.). In his key, Rydberg 
(X. Am. Flora 24: 72. 1920) used for distinguishing characteristics for /\ 
floridana the shorter and denser inflorescence, the slightly winged leaf-raehis, 
the scarcely hooked calyx-lobes and the 9-17 leaflets of each leaf. P. domin¬ 
gensis of the West Indies, on the other hand, was said to have an inflorescence 
which, at least in fruit, is lax. Also the calyx-lobes were described as decidedly 
hooked at the apex, the leaf-raehis decidedly winged and the leaflets 5-9. On 
a basis of these several correlated differences, Parosela floridana would ap¬ 
pear to be an amply distinct species. Since Dalea is a conserved name and 
the necessary combination for the species in that genus is lacking, one might 
feel justified in making the transfer, but a study of actual specimens and a 
review of the nomenclatural history of related species introduces compli¬ 
cations. 

First, a series of specimens from Florida exhibits a greater amount of 
variability in that population than Rydberg’s description suggests. Tin* 
inflorescence, for example, varies from very short to relatively long. The 
rachises of the leaves are usually winged, even if not decidedly so. On every 
specimen examined, at least some of the lobes of the calyx are booked. 
Finally, the number of leaflets varies from as few as seven to twenty-one 
per leaf. All this indicates that the inexperienced student may encounter 
trouble in separating P. floridana from P. domingensis on a basis of morpho¬ 
logical characteristics. The differences cited by Rydberg are too definitely 
stated. Actually they seem to indicate evolutionary tendencies, not com¬ 
pletely evolved species. As a result of study of the plants of Florida alone, 
considerable doubt arises concerning the validity of P. floridana as a sepa¬ 
rate species. 

Parosela domingensis , as circumscribed by Rydberg in 1920, occurs in 
the West Indies and northern South America. Study of a series of speci¬ 
mens in the herbarium of the New York Botanical Harden likewise reveals 

so 
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a degree of variability far surpassing what might be expected from Ryd¬ 
berg’s treatment. Tn table 1, data are presented for several supposedly im¬ 
portant characteristics. These are summarized for three islands in the West 
Indies and northern South America. For purposes of comparison, data are 
also included for specimens from Florida. 

Study of table 1 reveals that the populations of Parosela domhu/ensis 
vary from island to island as well as from the mainland, also that there is 
no decisive set of major characteristics by which the plants of Florida may 
be separated from those of the islands. Only slight, differences distinguish the 
several geographical populations. Even these differences may not be so great 
as indicated because the small numbers of specimens examined probably do 
not accurately show the range of variability in the several populations. 
Keeping in mind the shortcomings of the data, a few tendencies may be 
noted. Plants from Cuba have the longest inflorescences and average the 
smallest number of leaflets per leaf. The lobes of the calyx are longer in 
plants from Hispaniola than from elsewhere. Plants from Puerto Rico 
resemble those from Cuba in the length of the inflorescences, but differ in 
having more leaflets per leaf, as do those from Hispaniola. The plants from 
Florida and northern South America arc similar in having the largest num¬ 
ber of leaflets per leaf, but the lobes of the calyx are at least partially hooked 
in plants from Florida, but are not hooked in plants from South America. 
Specimens from the West Indies or the American mainland can be assigned 
with certainty to proper geographical population only after careful study. 
The extremes of variation shown in table 1 are great, while the differences 
are relatively slight. For that reason, the writer does not regard these geo¬ 
graphical populations as worthy of designation as species, though the 
tendencies in divergence are perhaps strong enough to warrant their desig¬ 
nation as subspecies. 

The relationships of Parosda floridana are further complicated by the 
occurrence in the lower Rio (irande valley and from there southward in 
Mexico of a population which lias in recent times been called P . ha mil is or 
P. thyrsi flora. Ktandley, in “Trees and Shrubs of Mexico” (Contr. V. S. 
Nat. Herb. 23(2) : 455. 1922) separated P. hamUis from V. dominyensis as 
follows: 

Spikes, at least in fruit, lax; leaf rachis evidently winged. P. dummy* nsis. 

Spikes short and dense; racli is scarcely winged. P. hum ills. 

Small, in his Flora of the Southeastern United States (p. 1913), sepa¬ 

rated these so-called species as follows: 

Leaflets 9-13. Pa rose la dominyensis. 

Leaflets 5-9. Parosda Ihyrsi flora. 

Study of a series of eight .specimens from the Gulf slope of Texas and 
Mexico reveals the variation in this population. In number of leaflets per 
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leaf, these specimens exactly support Small’s statement of 5-9, but already 
we have found a similar situation in the Cuban population with the leaflets 
3-11. The inflorescences vary in length from 5 to 20 mm. Compared with 
specimens from elsewhere, these are not remarkably short and dense. In¬ 
florescences of plants from northern South America and Hispaniola are 
shorter, and those from Puerto Rico and Florida are equally short. Thus 
P. thyrsiflora is like P. domingensis from Cuba in number of leaflets, but 
most like Puerto Rican P. domiugrnsis or Floridan P. florid ana in length 
of inflorescence. It is not drastically different from these other populations. 
For that reason, P . thyrsi flora seems scarcely tenable as a separate species, 
but perhaps sufficiently distinctive to be considered a geographical subspecies. 
Although Small stated the range of both P. domingensis and P. thyrsi flora 
to include Texas, no Texan specimens of so-called P. doming/ nsis have come 
to the writer’s attention to support this statement. 

If we search through the sheets of Dalea (Paros/to) in a large herbarium, 
wo will find specimens appearing similar to 7\ doming/ nsis, P. floridumh and 
P. fhyrsiflora from Florida, the West Indies, the lower Rio Crande Valley 
in Texas, the Gulf slope of Mexico, Central America, and northern South 
America. This composite population lias received many names, but before 
discussing nomenclature, wo must consider several other related species. Two 
of those are Psorahu scan/}/ us and Dalra hum 11 is. Miller proposed the former 
name in 17(18 for an American plant with climbing stem and blue flowers. 
At the New York botanical Carden is a photograph of what is probably 
the type of this species. It is attached to a sheet bearing a specimen collected 
by C. A. Purpus, no. 234ft, at Zaeuapan, State of Vera Cruz. Mexico. The 
plant of Purpus and Psurat/a sea miens do not appear to bo the same. P. 
seandens appears more lax and vine-like, with broader, larger leaflets, also 
tin* flowers are described as blue. The specimen from Zaeuapan is a small 
shrub. It is not vine-like and lias smaller, narrower leaflets. The petals ap¬ 
pear to be yellowish. The distributional area of P. seandens is unknown to 
the writer, neither have any speeimetis eomo to his attention. Yet, on the 
basis of the photograph just mentioned and the original description, this 
seems to be a sufficiently distinct, species. It should now be called Dalea 
scandens (.Miller) Clausen, comb. now. based on Psora/lca scan/I/ ns Miller, 
Hardeners’ Dictionary, ed. 8, Psorahu no. 4 (1768). The other species to be 
considered at this point is Doha lunnilis G. Don, (Sen. Ilist. 2: 224 (1832). 
This was described originally from Mexico. It is an annual with slender 
stems and narrow leaflets which arc acute at either end. In 1847, Sehauer 
proposed the binomial />. ineonspicua for this species, but that name should 
now be assigned to synonymy under />. humilis G. Don. This species occurs 
on the Pacific slope of Mexico where it ranges from Guadalajara and Chapala 
to Monte Alban near Oaxaca. The altitudinal range is from 1524 to 2438 m. 
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Other names which perhaps should also be considered in this discussion 
are Dalea mwrophylla II.B.K. and D. trichocalys Ulbrich. These species are 
both South American and poorly understood by the writer. Their relation¬ 
ships to the species under discussion is not clear, but probably their status 
wi 11 not affect the uomenclatural conclusions set forth below. Likewise, the 
relationships of Dalea vulneraria Oerst. and Parosela occidntlalis require 
elucidation. 

The population primarily under discussion here, the one to which 
Parosela domingensis , P. florida-na, and P. thyrsi flora belong, includes 
perennials with stout stems and leaflets which are broadly oblong-elliptical 
and rounded or refuse at the apex. Miller, in 1768, was probably the first 
to apply a name to any part of this population, namely Psoralen humilis. 
In 1790, Jacquin independently proposed a name for this same species, 
Psoralen emphysodes , typified by a plant from Caracas in South America. 
This was said to flower in December and January and to have hairy stems 
and purplish or white petals. In 1793, Jacquin published a colored plate of 
this species, but he changed the name to Psoralen phymatndes. The plate 
shows the leaflets and stems as glandular, but not hairy. Except for the 
absence of pubescence, and the straight lobes of the calyx, the plant in 
Jacquin’s illustration resembles plants from Florida and demonstrates that 
the plants from there and from South America belong to the same species. 
Maebride in 1927 (Field Mils. Pub. Hot. 4; 1U2) expressed similar views 
regarding? the relationships of P. emjdtysodt s. Since Miller's epithet. 
h until is, is not available in Dalea because of I), hum ills Don., Jacques' 
name, emphysodes , should now be applied to the aggregate species, which 
should be designated as Dalea emphysodes (Jacquin) B. T. Hausen, comb, 
nov., based on Psoralen emphysodes Jacquin, Coll. 4; 144 (1790). This is 
separated from related species in the following key: 

A. Stems climbing, to 2 m. ; flowers blue. th sewufni.s, 

A A. Stems not climbing, to 1.8 m ; : flowers white, pink nr yellowish, becom¬ 
ing brownish purple. P». 

]>. Plants annual; stems slender, 0.5-2 mm. in diam. at base; leaflets nar¬ 
rowly linear or oblong-elliptical, acute at either end. />. humilt*. 

BB. Plants perennial; stems stout, 2-5 mm. in diam. at base; leaflets 

broadly oblong-elliptical, rounded or refuse at apex. U. < mplnfsotii s. 

The polytypic species, D . emphysodes , may now be characterized as 
follows: Villous or glabrous, glandular-punctate perennials with stout stems 
to 15 dm. tall, 2-5 mm. in diam. at base; leaves alternate, pimmtely com¬ 
pound with rachises which arc more or less winged and 3-21 leaflets whieh 
are broadly oblong-elliptical, rounded or refuse at apex, 2-15 mm. long, 
1-6 mm. broad; flowers in axillary and terminal racemes, 0.4-4.5 cm. long; 
calyces 4-8 mm. long, with lobes linear, acute, 1-6 mm. long, hooked, re¬ 
curved or straight ; petals 5-10 nun. long, white, pink or purplish, becoming 
brownish purple; stamensdiadelphous, 5-7 mm. long; pistils densely villous. 
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Flowering; time is September to May. The distributional area includes south¬ 
ern Florida, the lower Rio Grande Valley, the Gulf slope of Mexico and 
Central America, the Pacific slope of Central America in El Salvador, the 
Caribbeim.slope of northern South America, and the islands of Cuba, His¬ 
paniola, and Puerto Rico. 

Three geographical subspecies seem sufficiently isolated and differentiated 
to warrant recognition. These are named and characterized, after which a 
key is provided for their separation. 

IX EMi’HYsoDEs subsp. emphysodes (dacquin) R. T. Clausen, subsp. nov. 
Based on Psoralea emphysodes Jacquin, ibid., described originally from 
Caracas and characterized by leaves with 7-17 leaflets, averaging 12 leaflets 
per leaf, and short lobes of the calyx, 3-4 mm. long, which are not hooked. 
This subspecies occurs on the Caribbean slope of northern South America 
in Colombia and Venezuela at altitudes from 46 440 m., also in Puerto Rico. 
Synonyms are Psoralea phy mat odes Jacquin, !e. Plant. Rar. 3: 1338 (1803) ; 
and Pa rose I a < mphysodes (Jaeq.) Rydb. X. Am. Flora 24 (2) : 113 (1020). 

I). kmpiiyxodes subsp. domingensis (IX 1 .) R. T. Clausen, comb. nov. 
Based on Doha tlomingensis DC. Prodr. 2: 246 (1825) and characterized 
by the leaves with 5-15 leaflets, averaging 11 leaflets per leaf, and the lobes 
of the calyx which arc 1- 6 mm. long, averaging 3.5 mm. and all or partially 
hooked. This subspecies is known only from Hispaniola, which is the type 
locality, Puerto Rico, and northern Florida, where it occurs north to latitude 
26° 45' X at Palm Beach. Synonyms are D. cnneaphylla Bert, in DC. ibid. 
(as a synonym) ; Paros* la domingensis (DC.) Millsp. Field Mux. Pub. Bot. 
1: 21 (1805) : and Parosda floridana Rydb. X. Am. Flora 24: 114 (1920). 

1). emphysodes subsp. thyrsiflora (A. Gray) R. T. Clausen, comb. nov. 
Based on lhdea thyrsiflora A. Gray, Proe. Am. Acad. 5: 177 (1861) and 
characterized by leaves with 3-11 leaflets. Subsp. thyrsiflora occurs in the 
lower Rio Grande Valley and from there southward, mostly at low altitudes 
along the Gulf slope of Mexico and Central America, also it occurs on the 
Pacific slope of Central America in El Salvador, and in Cuba. Synonyms are 
lhdea doming* nsis var. paueifotia Coult. Coutr. C. S. Xut. Herb. 1: 34 
(1890); Paroseta thyrsiflora Vail, Bull. Torrey Club 24: 14 (1897); and 
Parosela hit mil Is Rydberg, X. Am. Flora 24(2) : 114 (1920). Without inspec¬ 
tion of tht" type, 1 am unable to assign to a subspecies Psoralea hit mil is Mill. 
Card. Diet. ed. 8, Psoralea no. 7 (1768). This is the earliest specific epithet 
to be applied to />. *mphysodts. but it cannot be employed under lhdea 
because of />. ha mil is G. Don. 

KEY TO THE SUBSPECIES OF DALEA EMPHYSODES 

A. Lea fid 8 5-121, averaging 11 or more. . B. 

B. Lobes of calyx not hooked, plants glabrous or pubescent. 

7>. emphysodes subsp. emphysodes. 

BR. At least part of lobes of calyx booked; plants pubescent. 

1). emphysodes subsp. dominpevsis. 
A A. Leaflets M—11, averaging 7 or fewer. 1). emphysodis subsp. thyrsiflora. 

Department ok Botany. Cornell University 
Ithaca, New York 
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FICUS TSJAHELA 

Mary F. Barrett 

Ficus tsjahela Burm.f. is sufficiently characterized by at least two excel¬ 
lent illustrations and several good descriptions; but has been associated with 
a disproportionately large number of obvious, but sometimes uneorrected 
mistakes. It is the purpose of this study to rectify the mistakes, especially 
that in the title, to comment upon synonymous names, and to distinguish 
the species from others with which it has been confused. 

Ficus Tsjahela Burin.f. FI. I ml. 227. 1768. (Spelled Tsjahela by 
Burman.) 

Tsjahela Rheede, Ilort. Mai. 3: 87. pi. (if. 1082. (Originally spoiled Tsjakda, hut cor¬ 
rected on p. 88.) 

F. wahibarica semd in anno frudifem , frudu minima, tsjahela dicta Huy, Hist. PI. 
2: 1435. 1688. (Spelled Tsjahela.) 

F. snrattmsis lib. Garein ex Burm.f. FI. Irid. 227. 1768. 

F. sarattoasis \ ar. mahibarica, mart folw lib. Garein ox Burm.f. (nbow). 

F.vcnosa Ait. Ilort. Kevv. 3: 431. 1789. Not Willdenow. 

Pella ribes (aides Gaertn. Fruct. Som. PI. 1: 143. pi. JS. f. s. 1791. 

F. tsjahela Itlieede ex Vnhl, Emnn. PL 2: 185. 1806. (Spelled Tsjakda.) 

F. infecioria Wtlld. Sp. PI. 4: 1137. 1806. Not Roxburgh. 

F. indica Moon, Cat. PL Cevlon 74. 1824. Not Linnaeus. 

F. sp. Hh. IIeyn. ex Wall. Cat. no. 4519 II. 1831. 

!• rosliyma tsjahela (Burm.f.) Miq. Hook. Loud. Jour. Hot. 6: 56*7. 1847. (Spelled 
Tjakela.) 

V. ranlobatrtfvm Miq. Hook. Loud. Jour. Bot. 6: 568. 1847. 

U. ceylaiunsc Miq. Hook. Land. Jour. Hot. 6: 570. 1847. (Misprinted c< ybnuuso.) 

V. in feet aria m Thwaites, Emim. PI, ZcyJmiiac 265, in part. 1864. 

F. canfobotrija (Miq.) Miq. Ann. Mus. Bot. Lugd. Bat. 3: 287. 1807. Not Vidal. 

Tall tree, much branched, without aerial roots, glabrous; petioles to 
7.5 cm. long; blades elliptic tending towards oblong, typically 12.5-19 
x 5.5-9 cm., but also 5-9 x 3-5 cm. in a smaller form (examples: 18 a 9 cm., 
19x8.5 cm., 8/5 cm.); base broad, rounded or subeordate; apex slightly 
narrowed, then abruptly acuminate; acumen thick, about 1 cm. long; upper 
surface glossy in life, iron- or dark greenish-gray when dried; basal veins 
similar to the lateral veins; 8-10 sets of conspicuous lateral veins, the upper 
angle 65° to 75°; only discontinuous tertiary veins; a distinct reticulum 
and a checkered background; mature receptacles 1-6 on tubercles in the 
defoliated axils, sessile or sliort-peduncled, depressed-globose, about 5 mm. 
in. cross diameter when dried, yellowish and dotted when ripe; basal bracts 
3, large, almost semicircular, sometimes lobed, the edges loose; male flowers 
said to have 3 ovate acuminate perianth-parts shorter than the stamen; 
anther ovate, on a filament of equal length; gall and female flowers with 3-4 
perianth-parts; achene obovate, the style long, the stigma c.ylindrie. 

Type: Tndia : Malabar, Surat. 

86 
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Distribution: India, especially the west coast and the south; Ceylon; 
Indo-China. 

F. tsjahda sometimes has been confused with the type of F . lacor Ham. 
(formerly known as F. rnfeetoria Roxb.). As compared with F. tsjahda, 
F. lacor may have aerial roots; and its leaves show a seldom cordate base, 
a louder slender acumen, distinct basal veins, lateral veins leaving the 
midrib at a more acute angle, and fewer tertiary veins. Its figs usually are 
larger, white with a pinkish tinge, sessile, and single or paired in leafy axils. 
Its distribution includes but extends far beyond that of F. tsjahda. 

F. tjrnieulafa Knrz (For. FI. Brit. Burma 2: 447. 1877) resembles 
F. tsjahda closely, but is sometimes pubescent on twigs and fig-peduncles. 
ItN leaf-blades are broader in proportion to their length and show more 
secondary lateral veins leaving the midrib at a greater angle, and some 
continuous tertiary veins. Its figs are larger and its male flowers gamo- 
phyllous. Tts distribution is northeastern India, Burma, lndo-China, and 
Malaya. 

NAMES APPLIED TO THE SPECIES 

The prototype of F. tsjahda is described as Tsjahda on the next-to-last 
page of the third volume of Rheede \s Hod as i adieus inalabaricus. On the 
last page of that volume under both Index and Errata the spelling of th a 
name is corrected to Ts jahda . The excellent plait 61 which accompanies the 
text hears the title Tsida , which had been given previously to plate 63. That 
these illustrations represent different plants is apparent from the contrast¬ 
ing pictures and the vernacular names inscribed on each sheet. The mistake 
in the plate seems to have misled few people; but the incorrect use of h in the 
text has heeu followed by almost all writers on the subject, some of whom 
have introduced other variations: Tsjahala by J. Burman (FI. Mai. A. 1769) 
and (indium (Cat. PI. Bombay 191. 1839), Tsjakdt by Steudel (Norn. Bot. 
ed. 2. 1: 638. 1840), and Tjakda by Miijuel (Hook. Loud. Jour. Bot. 6: 567. 
1847, and later), King (Ann. Bot. (lard. Calcutta l 1 : 57-58, pi. 70 , 84\ 
1887; and in J. D. Hooker. FI. Brit. India 5; 514. 1888 ), Brandis (Ind. Trees 
609. 1906), and others. In this study correct, spelling will be used unless it 
is desired to show the author's orthography. 

The pre-Linnean Latin polynomial proposed by Ray ns the title of tlii> 
species wa* so used by K. Commeliu (FI. Mai. 29. 1696) and was mentioned 
as a synonym by Stokes (Bot. Mat. Med. 4: 358. 1812). 

X. Burman cited Tsjahda Rheede and a species and variety from the 
herbarium of L. (larcin as synonyms of %i F. tsjahda He characterized 
the leaves as ovate-oblong, entire and crenaP\ thus including both Rheede\s 
type and (larcin’s variety. Xo record of erenate leaves seems to have been 
made by other writers, although the term andidatc sometimes has been used 
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In 1789 Aiton described F. vcnosa , an exotic from the East Indies, and 
cited Tsjahela liheede. The specific name recalls Rheede’s statement that the 
leaves have whitish veins. This title became one of the two most frequently 
used until King (1887) traced the synonymy and established the priority 
of the name given by Barman. The authorship of F. vcnosa Ait. sometimes 
was ascribed to others: to Willdenow by Dennstedt (Schliiss. Hort. Mai. 
29. 1818), to the text in Roemer & Schultes (Syst. Veg. 1817) by Blume 
(Oat. Gew. Buitenzorg 117. 1823), to 3. E. Smith by Dillwyn (Rev. Hort. 
Mai. 13. 1839) and Hasskarl (Nova Acta Akad. Leop.-Carol. 33: 29. 1867). 
F. vcnosa Ait. as reported by Voigt (Hort. Sub. Oalcuttensis 287. 1845) is 
F. lacor Ham. 

Fella ribesioidcs Gaertn. was proposed as a synonym in Trimen (Ilandh. 
FI. Ceylon 4: 91. 1898). Gaertner located this genus between Vaccinium 
and Grossulariu. His plate shows small fruiting bodies clustered on tubercles. 
A cross section of one body reveals the absence of partitions and tin* presence 
of fruits or seeds borne on the inside wall. The vernacular name Kiripoclla , 
cited by Gaertner. evidently was the source of the generic name and is 
almost the same as that in Trillion's text for F. tsjahela. 

F. infcctoria Willd., a name almost as much-used as F. vcnosa Ait., has 
been a source of great confusion. In 1804 Willdenow (Hort. Berol. fasc. 3: 
36. pi. 3(i) described and illustrated a species of Ficus with conspicuously 
veined leaf-blades. This he asserted to be F. vcnosa Ait. By 1806 he had 
discovered that he was mistaken; but he retained Aiton’s appropriate name 
for the tree pictured, and re-christened F. vcnosa Ait. as F. infcctoria , with 
Tsjahela as another synonym. Willdenow’s appropriation of F. vnwsa was 
recognized as illegal by Poiret (Eneye. Suppl. 2: 654. 1812), who re-named 
the tree F. leucantatoma. This was spelled Icucatonui by Roemer arid Schultes 
(Syst. Veg. 1: 501. 1817). 

Poiret’s mention on p. 657 of F. vcnosa Ait., to which he returned F. 
infcctoria "Willd., is worth noting because of a reference to it by Hamilton 
in 1827, and because Poiret included u Ficus tsjahela Rheede” as a synonym, 
as Vahl (Eitum. PI. 2: 185. 1806) had done. 

F. infcctoria Willd. often lias been confused with F. 'infcctoria Roxb. 
Roxburgh (Hort. Beng. 66. 1814) listed a tree of Bengal as F. in fed aria 
(no author). That he believed this to be F. infcctoria Willd. was shown by 
his reference to Tsjahela Rheede. Later (FI. Ind. ed. 2, 3: 551. 1832) he 
described his Bengal plant as F. infcctoria Willd., and referred to both 
Tsjahela and F. tsjahela Burm.f. However, his description showed that his 
plant was a new species. When F. infcctoria Willd. was proved to be an 
illegal title its specific name, equally illegally, came to be transferred to 
Roxburgh’s tree with Roxburgh’s authorship, and has persisted almost to 
the present time. In recent years F. lacor Ham. has been recognized as its 
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valid title. The following writers have used the name F. infectoria Willd., 
and sometimes its synonyms, for F. lacor; Wight (Ie. PL 2: pi. 665. 1843), 
Beddome (FI. Sylv. India 2: 222. 1874), Brandis (For. FI. India 414. 1874). 
Kurz (above, 446-447), and Trimen (Syst. Cat. PI. Ceylon 84. 1885). 

Wallich’s catalog of 1831 listed no. 4519 as F. venom Ait. Subdivisions 
A, F. infectoria Hb. Wight, and B, an imamed Ficus from Heyne’s her¬ 
barium are specimens of F. tsjahcla , according to King (1887). It is discon¬ 
certing to hud that Wight’s specimen belongs here, since his illustration of 
F. infectoria Willd.” is obviously of Roxburgh’s species and often is cited 
as a reference therefor. 

Hamilton (Trans. Linn. So<\ 15: 150. 1827) in an attempt to establish 
the identity of Tsjahcla\ Rheede added another problem. Saying that the 
plant which he considered was that species did not conform to the descrip* 
tion by Willdenow, he described it as F. mum, alluding to Poiret’s text 
(which had cited the author as Aitou), and listing Roxburgh, Burinau, and 
Rheede as references, Most of his characterization applies equally well to 
both F. tufa held and the variable F. lacor. The short petioles and twin figs 
resemble the latter rather than the former species, but the absence of aerial 
roots and the maturing of the figs on defoliated twigs point towards F. 
tsjahcla, where it has been placed by King (1887). Miquel (Ann. 3; 286. 
1868) and in earlier writings believed that F. rt nosa Ham. was F. infectoria 
Roxb., although lie never seemed sure whether or not this species was also 
that of Willdenow. Haines (Hot. Bihar & Orissa 5: 832. 1924) has thought 
that Hamilton’s plant might be a form of F. infectoria Roxb. or else F. 
(jenicutata Kurz. In fact, Haines placed F. tsjahcla close to. if not under, 
F. (jcniculata. 

The synonym F. indica Moon was suggested in Trimen’s text of 1898 
with the note: 4 ‘not L.” I have not seen Moon’s book, which includes also 
F. hnii/ah nsis L., the accepted name for the ill-defined F. indica L. 

Miquel (1847) transferred F. tsjahcla Biirm.f. to Frostiyma, a genus 
derived from Ficus by Gasparrini, describing the species from specimens 
obtained in southernmost India; and characterized also as new species F. 
caulohotnjinn from the ‘‘Fast Indies” and F. ccyloncnsc from Colombo. 
The three descriptions differ only slightly. Miquel (Ann. p. 287) returned 
F. tsjahcla and F. caulobotryum to Ficus. V. ccyloncnsc he placed (Ann. pp. 
264, 286) under the present F. lacor , although he had stated one of its ver¬ 
nacular names to be Kiripaclla. These three species of Frostiyma. and F. 
caulohotrya , were allocated to F. tsjahcla by King. Some mistakes in their 
names are: F. caulobotnjon by Dietrich (Kyn. PI. 5: 554. 1852), F. caulo¬ 
hotrya by King (1887) and Gagnepain (in Leeomtc, FI. Gen. Indo-Chine 
5: 761. 1928), I 7 , ceyloncsc by King (1887), F. caulocarpa Miq., instead of 
F. caulohotrya , by King (1888). 
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U. infectorium Th waites is included in this synonymy because certain 
numbers of Thwaites’ specimens with that name and Miquel as author belong 
to F, tsjahela, according to Trimen (1898). 

UNRELATED SPECIES 

F. tjmkelu Hb. Hook, was allocated by Miquel first to U. rigidum Miq. 
and then to F. rigida (Miq.) Miq. Ann. Mus. Bot. Lugd.-Bat. 3: 286. 1867. 

Covdlia venom (Willd.) Miq. is F. lev can (atom a Poir. 

SUMMARY 

Ficus tsjahchi Burm.f. was named from a pre-Linnean species from the 
west coast of India. Its name in the original text Mas misspelled and its 
illustration Mas mislabeled. The former mistake, although corrected in the 
same volume, seems to have passed almost or quite unobserved; the fault in 
the label was soon noticed. 

For nearly 120 years the name proposed by Burman was almost ignored 
except as a synonym, and the tree usually M r as called either F. venosa Ait. 
or F. infectoria Willd. Both titles w T ere applied also to other plants. The 
resulting confusion, although not the orthography, Avas straightened out by 
King in 1887, and a synonymy prepared. Since that time Burman’s seems to 
have been the only name used. 

The preceding study has collected and discussed synonyms listed by King 
and others, has differentiated F. fsjahcla from the type of F. la cor Ham. and 
from F. gcniculata Kurz, and has corrected some mistakes in determination, 
authorship, and spelling. Herbarium specimens have been examined at the 
New York Botanical Garden, and literature there and at the Arnold Ar¬ 
boretum, Jamaica Plain, Mass. 1 am grateful for the use of these facilities 
and for help given me by those in charge of them. 

Montclair, New Jersey. 
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TORREYA 

Editorial Note 

With the closing of volume 45 Torreya ceases to exist as a separate publication. 

It will be continued as a section in this and subsequent issues of the Bulletin. 

Torreya originated in a resolution presented at the annual meeting of 8 January 
1901. “The space of tin* Bulletin being now wholly needed for technical matter,” 
it was resohed “that the publication by the Club of a monthly periodical is desirable, 
to contain shoi-t articles and notes with special reference to the study of the local 
Horn, thus covering the ground occupied by the Bulletin at its establishment in 1870” 
(Bull. Torrey Club 28: 190, 191. 27 Air 1901). Book reviews also were included, and 
the Procrfilings of the Chib were transferred to the new periodical iti its second 
year (1902). 

In view of the greatly increased costs of publication, it has seemed impracticable 
to continue to issue a separate periodical tor these purposes. It is relevant also that 
the supply of short articles of the kind contemplated by the founders of Torreya has 
been very limited; indeed from the beginning, Torreya included as many “technical” 
papers as those “of a popular nature.” 

For these reasons the Club has voted to merge the two periodicals. The name of 
the younger, Torreya, will be preserved at the head of a special section of the Bul¬ 
letin, designed to include such materials as: short florislic notes, chiefly of local 
interest; hook reviews; news items; proceedings of the Club. In this way the problem 
presented in the resolution of 1901 may be solved in a different way. 

Somewhat longer papers of a technical nature, such as have often been included 
in Torreya, will take their proper places among the papers regularly published in the 
Bulletin.* - Tl. W. Kiukett 

Short Articles and Notes 

Notes on the Mosses and Lichens of the Great Swamp (New Jersey). 1 

The (Irent Swamp of New Jersey is located in the southeastern corner of Morris 
County. Since January 1944 the authors have been conducting an ecological survey 
of a half-mile-square area in Chatham Township. This area may easily be located, 
since the northern boundary consists of a road known as Southern Boulevard, which 
starts at the point where the Public Service Company’s power line crosses it and 
continues west one-half mile. The eastern boundary follows the west side of the 
power line one-half mile south. Within the area all types of ecological habitats are 
found. Near the northern boundary are dry sandy soils composed of glacial till and 
along the southern boundary are soils very acid and rich in pent. 

mosses 

Tin* following mosses we collected in the survey area, the majority of which were 

1 Third contribution to an ecological survey of the Great Swamp. 
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growing 1 on the higher ground. We are greatly indebted to Miss Frames Wynne of 
the New York Botanical Garden for determining this material. 


Poly t rich urn piliferum Hedw. 2-TV-44, 
Polytrichum commune Iledvv. 2-TV-44, 18- 
lV-44. 

Mnium cuspidatum Hedw. 10-I V-44. 
Dilrichum pusUlum (Hedw.) E. G. B. 10- 
IV-44, 18-1V-44. 

Dicranum bonjeani DeNot. 10-1 V-44. 
DicraneUa hetcromalla (Tledw.) Schimp. 
18-1 V-44. 


Heterophyllium haldanianum (Grew) 
Kindb. 18-TV-44. 

Mnium affine Bland. 18-IV-44. 
Enrliynchium strigosum (Hofl'm.) B. and 
S. *18-1 V-44. 

Poldia nutans (Schreh.) Liudb. 18-1 V-44. 


LICHENS 

So far we have* only collected lichens growing in the grasslands. On tin* northern 
end of tbe survey area, opposite the Chatham Township Public School, is a series 
of eleven fields running north to south. Growing in these fields we found ('ladonia 
crist atrlla Tuck, and Cfadonia graipi Nearing. These two species were growing to¬ 
gether on gravelly glacial till with a pH of 5.17. Associated with the lichens were 
grasses and a few herbs. This soil is very poor in plant nutrients as indicated by the 
very slow invasion of woody plants. On March 11, 1044, the authors denuded a 
square meter on which C. cristatella and C. (jrat/ii were well established and on June 
0, 1945, the quadrat was still barren, in spite of the fact that both specie* of lichen 
were growing at the edges of the quadrat. 

We are greatly indebted to Mr. William L. I)ix of Morrisville, Pennsyhania, for 
determining the lichen specimens.— -William F. Bah, Jn., and Janet L. (\ B\h\ 


Lippia lanceolata and other Unusual Plants at Cross Lake, New York. 

On August 25, 1945, while we were returning from a field trip, with a group of 
graduate students, a short stop on the west shore of Cross Lake in central New 
York at once yielded a patch of Lippia lanceolata Michx., the fog-fruit, ft was 
growing on damp ground near the shore among Panirum ayrosioiden Spreng., 
Scirpns unicricanus Pers., Lip hr uni salicaria L., and other species in lesser abun¬ 
dance. The very unfavorable weather prevented stopping longer to make a more 
extensive study of the area at that time. 

The manuals stale the range of * Lippia lanceolata as New Jersey to southern 
Ontario and Minnesota and southward to Texas and Florida. Actual records of its 
occurrence between southern New Jersey and Michigan seem to he rare. House 1 does 
not list Lippia lanceolata from New York State. Because the Cross Lake station 
appears to he isolated at some distance from the nearest recorded stations in New 
Jersey, Ohio and Michigan, another trip was made to ascertain the abundance and 
range of Lippia in that area. 

On September 5, accompanied by l)r. B. T. (Jansen and Miss Gertrude Miller 
we visited Cross Lake again, spending most of the day exploring much of its shore¬ 
line vegetation as well as dredging from boats for aquatic species. This survey re¬ 
vealed that Lippia lanceolata is rather generally distributed in low wet ground along 
much of the eastern and western shores of the lake and also along the Seneca river 


* House, H. I). Flora of New York. N. Y. State Mas. Bull. 254. J924. 
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whore it leaves the lake. In several places Lip pin forms dense mats covering exten¬ 
sive areas near shore. None was found more than 300 feet from the water’s edge. 
Most of the plants were sterile hut a number of flowering and fruiting plants were ob¬ 
served on the higher places back from shore. The plants were mostly decumbent, or 
with erect branches when crowded, rather than prostrate or creeping as they so 
often occur in the southern states. 

Cross Lake is partly in Cayuga county and partly in Onondaga county. It is 
about 5 miles long. Its elevation is 375 feet above sea level according to the I T . S. 
Topographic Survey map. Its south end is traversed by the Seneca river which here 
is canalized and used by the Barge Canal. Most of the shore and much of the bottom 
of the northern part of the lake is composed of soft marl and broken shells. 

The following plants rarely found in central or western New York, were also 
collected in or around Cross Lake on August 25 or September 5, 1945. 

Panktai aorostoides Spreng. Common on wet shores along Cross Lake and the 
north shore of the Seneca river where it leaves the lake; in Cayuga and Ouondaga 
coiiul ies. 

A('nida r.VN x Alt] x a L. On muddy banks of the Seneca river just west of the lake; 
Onondaga county. 

Azoi.i.a (\\hoi.ixi\NA AVi 11(I. Floating among Lrnnia minor L. in a sluggish inlet 
entering the lake through a bog near the northwest corner; Cayuga county. 

Nx.ias aii nok Allium. In shallow water near shore and also dredged in deeper 
water in several places off the east shore of the lake; Cayuga county. 

The occurrence of this heterogeneous assemblage of plants, otherwise unknown or 
known from but few stations in central or western New York, i> a subject for specu¬ 
lation. How did thev arrive in Cross Lake and why did they become established 
there f Or are some of them indigenous there? Probably no one answer will suffice 
for all of the live species mentioned. However, the fact that Cross Lake is a mecca 
for tisherman and is traversed by much water traffic between Lake Erie and the 
Hudson River must not lx* overlooked in searching for explanations for the appear¬ 
ance of these plants in Cross Lake. The non-acid soil along most of the shore line 
and a rather constant and controlled water level during the summer months may 
furnish here a more favorable habitat for these species than occurs elsewhere in 
western New York. 

Specimens of all the species mentioned have been collected bv us and have been 
deposited in the herbarium of the Department of Botany at Cornell University.— 
AY. C. Miknschkr \\i> B viskttk I. Brown - . 

Proceedings of the Club 

Minutes of the Meeting of May 16, 1945. The meeting was called to order by Presi¬ 
dent Seavev at 3: 30 p.m. at The New York Botanical Garden with fourteen members and 
friends present. The minutes of the preceding meeting were approved as read. 

The secretary read tin* report (attached to these minutes) of the committee appointed 
to compose a congratulatory message to The New York Botanical Garden. The report was 
accepted as read. Dr. Bailing reported that the message was to he engraved by the Colum¬ 
bia University Press. 

The president read an invitation from the Biological Laboratory of Fordham Uni¬ 
versity to the Club to attend the ceremony, on May 24th, conferring the honorary degree 
of Doctor of Science upon Dr. William J. Robbins. 

Dr. J. T. Baldwin, Blandy Experimental Farm, Boyce, A r a., was elected to life mem¬ 
bership in the Club. One annual member and one associate member were also elected. 
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I)r. Karling made a motion requesting affiliation of tin* Tonvy Botanical Clul) with 
the Union of American Biological Societies. Dr. Cronquist seconded the motion. There 
was some discussion concerning the advantages and obligations attendant upon such an 
affiliation. The motion was carried unanimously. 

Miss Hanson raised the question of granting a discount on subscriptions on back sets 
of the Bulletin to book-sellers or agencies. Dr. Karling moved the appointment by the 
president of a committee of three: the editor, the business manager, and the treasurer, to 
investigate this question and decide upon a policy. Dr. Levine seconded the motion and 
it was carried. 

The business meeting adjourned at 4: 00 p.m. to the lecture hall for an interesting 
and instructive program by Dr. A. B. Stout on ‘ i Types of Tiitra-specific Incompatibilities. ’ 9 
The speaker’s abstract follows: 

In respect to the locus of sexual reproduction in the life cycle and to tin' 
scope, action, and genetics of the modifying factors of incompatibilities, there 
are three distinctive main classes of incompatibilities which may be designated 
as follows: 

I. The diplovl-haplont class. In the flowering plants the inhibiting effects 
of self- and cross-incompatibilities occur chiefly during reactions between the 
diploid tissues of the pistils of flowers of the sporophytic generation and the 
haploid pollen tubes of the alternating gametophytic generation. 

II. The haplont haplont class . In the fungi the reactions of incompati¬ 
bilities occur in tin* interrelations between individuals that art; haploid, bisexual 
and gametopliytic. 

III. The diplont-diplovt class. In the dilates among animals the reactions 
of incompatibilities operate chiefly in the relations of selective conjugation be¬ 
tween individuals that are bisexual and diploid and hence comparable to the 
sporophytic generation in plants. 

The incompatibilities noted in this presentation are selective limitations to 
the sexual reproduction of homomorphic hermaphrodites. They limit or prevent 
both self-reproduction and intra-genotypic cross-reproduction. They effect inter 
genotypic intra-specific reproduction. 

Incompatibilities operate by inhibiting certain of the physiological inter¬ 
actions that are essential to sexual reproduction but which are not features of 
nuclear or gametic sexuality. 

Pollen-tube reactions in the pistils of flowering plants, fusions of mycelin 
and spennatial fertilizations in fungi, and conjugations between individuals of 
ciliates are all stabilized reactions of intraspecific sexual reproduction. When 
there are no incompatibilities there is unrestricted interaction in these features 
of intraspecific reproduction. Incompatibilities are superimposed on these 
mechanisms and they effect certain failures in interactions which would other¬ 
wise occur. 

Incompatibilities are genetically determined by factors which segregate in 
meiosis. In the homomorphic bisexual members of a population they may be 
the only feature of sexuality that does segregate in meiosis. This situation has 
not been recognized in many considerations of sexuality especially in the fungi. 

The simplest mode of incompatibilities is that which is determined by a 
single allelic pair of factors (personate mode) operating in haplont-haplont rela¬ 
tions. Then there may be only two mating groups. A minimum number of 
multiple alleles in a haplont-haplont relation is three. In all tin* classes there 
may be/ numerous multiple factors and numerous mating genotypes. Further 
complexities involve two or more allelic series (a) of incompatibility factors 
(amphipersonate) or (b) of one such series in complementary relations with 
factors which favor fertility (associate 4 mode) or of more than one series of 
each (ampliiasBociate). 

The basic incompatibility reaction is evidently one of independent self- 
antagonism. But the presence of two or more different factors enforces various 
types of complementary and competitive reactions. m 
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In addition to incompatibilities there are other methods of preventing self- 
and intra-genotypic reproduction and of enforcing bigenotypic reproduction in 
hermaphrodites, (a) There are herkoganiy and dichogamy which operate to 
separate elements of sexual reproduction previous to their interaction, (b) 
There are the conditions of polymorphism, especially developed in dimorphic and 
trimorphic species of flowering plants, in which incompatible reactions are corre¬ 
lated with morphological features. 

It is of course to be recognized that in any truly dioecious species the 
reproduction of the unisexual individuals is obligated bigenotypic. 

Intraspecific incompatibilities operate with remarkable similarity in phanero¬ 
gams. in fungi, and in ciHates. Differences in the locus of sexual reproduction 
in the life cycles of these diverse and pliylogeneticaliy widely separated groups 
of organisms are reflected in three distinct classes of expression and genetic con¬ 
trol which may be designated (1) haplont-diplont, (II) liaplont-haplont, and 
(TTI) diplont-diplont. Without doubt future studies in the groups mentioned 
and in other groups of plants and animals that were not mentioned will reveal 
further modes or even other classes of reaction and determination. 

After tin* scientific program the members were served tea by the Garden Staff in the 
Members ’ Room. 


Respectfully submitted, 

* Frances K. Wynne, 

according Secretary 
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pvbcsccvs). Rev. Agr. Agron. 12: 230-245. map. pi. 13+f. 1-4. 8 1945. 
Jennings, O. E. Range of Mnium hornwm. Brvologist 48: 158. S [O] 1945. 
Jones, C. H. Additions to the revised catalogue of Ohio vascular plants. Ohio 
Jour. Sci. 45: 162-166. Jl. 1945. 

Lundell, C. L. The genus Garcia Vahl, a potential source of superior hard quick 
drying oil. Wrightia 1: 1-12. 15 Au 1945. 

McClure, F. A. The vegetative character of the bamboo genus Phyllostachys and 
descriptions of eight new species introduced from China. Jour. Wash. Acad. 
35: 276-294. f. 1-3. 15 8 1945. 

Martinez, M. El Phut# macrophylla Engelm. v su variedad Blancoi. An. Inst. 

Biol. [Mexico] 15: 341-348. /. l-£. O 1945. 

Miranda, F. El eoyol real de la region de Azueta, Ver. An. Inst. Biol. [ Mexico] 
15: 349-368. f. 1-10. O 1945. 

Miranda, F. El genero Xyssa en Mexico. An. Inst. Biol. [Mexico] 15: 369-374. 
/. 1. O 1945. 

Moldenke, H. N. A contribution to our knowledge of the wild and cultivated flora 
of Maryland—I. Torreya 45: 79-92. 28 8 1945. 

Palmer, S. C. Convolrulua WaUichiana at Swarthmore, Pennsylvania. Rhodora 
47: 332. 20 O 1945. t 

Phinney, H. K. Notes on Cladophora. Am. Midi. Nat. 34: 445. 8 1945. 

Porsild, A. E. The alpine flora of the east slope of Mackenzie Mountains, 
Northwest Territories. Bull. Nat. Mus. Canada 101: 1-35. pi. 1-10 + f. 1. 
1945. 

Porsild, A. E. A survey of the adventitious flora of Ivigtut in souttrwest Green¬ 
land. Canad. Field Nat. 59: 53-59. Mr-Ap 1945. 

Rehder, A. Varya alba proposed as nomen ambiguum. Jour. Arnold Arb. 26: 
482, 483. 15 O 1945. 

Rehder, A. Notes on some cultivated trees and shrubs, II. Jour. Arnold Arb. 
26: 472-481. 15 O 1945. 

Schweinfurth, C. An alpine Odontoglosxum from the Andes. Am. Orchid 8oc. 
Bull. 14: 208, 209. /. 1-6. 15 O 1945. 

Schweinfurth, C. A first Peruvian Cylo glottis. Am. Orchid 8oc. Bull. 14: 152, 
153. f. 1-4. 1 8 1945. 

Schweinfurth, C. A new Macradcnia from Peru. Am. Orchid Soc. Bull. 14: 62- 
64. f. 1-6. 2 Jl 1945. 
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Schweinfurth, C. A novelty in Peruvian Trichocentrum. Am. Orchid Soc. Bull. 
14: 104, 105. /. 1-7. 3 Au 1945. 

Sharsmith, H. K. Flora of the Mount Hamilton range of California. Am. Midi. 
Nat. 34: 289-367. f. 1-9. S 1945. 

Sharsmith, H. K. A new species of Linum from the Coast Ranges of California. 
Madrono 8: 143, 144. 5 N 1945. 

Sherff, E. E. Monarda fistulosa h. and its two white-flowered forms. Torreya 
45: 68. 28 8 1945. 

Shinners, L. H. The genus Aster in West Virginia. Castanea 10: 61-74. S [O] 
1945. 

Smith, E. C. Anther color in willows. Am. Midi. Nat. 34: 440-444. 8 1945. 
Squires, W. A. Impatient Itoylci in New Brunswick. Cannd. Field. Nat. 69: 69. 
Mr-Ap 1945. 

Stevens, O. A. Asclepias syriaca and A. speciosa, distribution and mass collec¬ 
tions in North Dakota. Am. Midi. Nat. 34: 368-374. /. 1-4. 8 1945. 
Stewart, R. R. The grasses of northwest India. Brittonia 5: 404-468. f. 1. 12 
N 1945. 

Summerhayes, V. S. African orchids. XVI. Bot. Mu*. Lead. 12: 89-116. 23 
O 1945. 

Svenson, H. K. On the descriptive method of Linnaeus. Rliodova 47: 273-302. 
20 O 1945. 363-388. N 1945. 

Taylor, H. Cvto-taxonomy and phylogeny of the Oleaceae. Brittonia 5: 337-367. 
/. 1-96. 12 N 1945. 

Tucker, J. M. & Muller, C. H. Additions to the oak 6ora of HI Salvador. Ma¬ 
drono 8: 111-117. p. IS, 14. 5 N 1945. 

Waterfall, U. T. A new species of Amdocaulis from southwestern Texas and 
adjacent New Mexico. Rliodora 47: 329-332. 20 O 1945. 

Weathertjy, C. A. & Adams, J. A list of the vascular plants of Grand Manan, 
Charlotte County, New Brunswick. Contr. Gray Herb. 158: 1-96. pi. 7, 3. 
25 O 1945. 

Webber, J. M. The Navajo Yucca f a new species from New Mexico. Madrono 
8: 105-110. pi. 10-13. 5 N 1945. 

Wolf, W. Qucrcus Capcsii (Qucrcus P hellos L. k Quercus nigra L.). Castanea 
10: 91. 8 LO] 1945. 

Wynne, F. E. Studies in CalUergon and related genera. Bryologist 48: 331- 
155. 8 [O] ]945. 


MORPHOLOGY 

(including anatomy, and cytology in part) 

(See alHO under Plant Physiology: Carmack; under Genetics: Powers) 

Engard, C. J. Habit of growth of Jtuhus rosacfolii Smith in Hawaii. Am. Jour. 
Bot. 32: 536-538. /. 1-2. O [N] 3945. 

Foster, A. S. Origin and development of selereids in the foliage leaf of Trocho- 
dendron aralioides Sieb. & Zucc. Am. Jour. Bot. 32: 456-468. /. 1-38. 
O [N] 1945. 

Stephens, S. G, Some observations on leaf shape expressions in the Malvaceae. 
Am. Nat. 79: 380-384. Au 3945. 

Wolfenbarger, D. O. Estimates of volumes, surface areas, and numbers of twig 
crotches in elm trees. Am. Midi. Nat. 34: 421-432. /. 1-5. S 1945. 
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PLANT PHYSIOLOGY 

(sue also under Mycology: Dealandett) 

Craft, J. H. A note on some photoperiodic responses of Rolan choc daigrenton li¬ 
ana. Proc. W. Va. Acad. (1944) 17: 35-38. /. 1. 1945. 

Cormack, R. G. H. (■ell elongation and the development of root hairs in tomato 
roots. Am. dour. Bot. 32: 490-496. /. IS. 0 [N] 1945. 

Gorham, P. R. Growth factor studies with Spirodela polyrrhiza (L.) Sehleid. 
Am. .Tour. Bot. 32: 496-505. /. 1-11. O [N] 1945. 

Grace, N. H. Re spunses of plant stem cuttings treated with chemicals in a carrier 
dust. Canad. Jour. Res. ('. 23: 115-126. An 1945. 

McNair, J. B. Some comparisons of chemical ontogeny with chemical phytogeny 
in vascular plant#. Llovdia 8: 143-169. S [N] 1945. 

Meyer, B. S. Effects of deficiencies of certain mineral elements on the develop¬ 
ment of Taraxacum Vak-naghyc. Am. Jour. Bot. 32: 523-528. 0|N] 1945. 

Robbins, W. J. & Ma, R. Growth factors for Trichophyton mentagrophytcs. 
Am. Jour. Bot. 32: 509-523. /. JS. O [N] 1945. 

Went, F. W. Auxin, the plant-growth hormone. II. Bot. Rev. 11: 487-496. X 
1945. 

Went, F. W. Plant growth under controlled conditions. V. The relation between 
age, light, variety and thermo-periodicity of tomatoes. Am. Jour. Bot. 32: 
469-479. f. IS. O |N | 1945. 


GENETICS 

(including cytogenetics) 

Duncan, R. F. Production of variable aneuploid numbers of chromosomes within 
the root tips of Pa phi oped Hum Wardii. Am. Jour. Bot. 32: 506-509. /. IS. 
() [N | 1945. 

Fennell, J. L. Timing and production of grape pollen by grafting. Jour. Hcred. 
36: 183-185. Je 1945. 

Gerstel, D. U. Inheritance in Xicotiana labacum. XIX. Identification of the 
labacum chromosome replaced by one from .V. glulinosa in mosaic-resistant 
Holmes Samsoun tobacco. Genetics 30: 448-454./. 7. 8 1945. 

Love, R. M & Suneson, C. A. Cytogenetics of certain Trilicum-Agropyron 
hybrids and tlieir fertile derivatives. Am. Jour. Bot. 32: 451-456. /. IS. 
O [N| 1945. 

Mazoti, L. B. Contribucibn a la genetica del maiz. Rev. Arg. Agron. 12: 174-202. 
pi. 9, 10-t f. IS. S 1945. 

Nielsen, E. L. Gvtology and breeding of selected plants of Poa prafensis. Bot. 
Gaz. 106: 357-382. Jo 118 Jl] 1945. 

Powers, L. Fertilization without reduction in guayule (Parthcnium ar gen tat um) 
and a hypothesis as to the evolution of npomixis and polyploidy. Genetics 
30: 323-346. Jl 1945. 

Richey, F. D. Isolating better foundation inbreds for use in corn hybrids. 
Genet ics 30: 455-471. f. IS. H 1945. 

Rick, C. M. A survey of cytogenetic causes of unfruitfulness in the tomato. 
Genetics 30: 347-362. Jl 1945. 

Rife, D. C. A series of five multiple alleles. Ohio Jour. Sci. 45: 170-172. Jl 1945. 
Schnack, B. & Oovas, G. Poliploidia experimental en Glandularia peruviana . 

Rev. Arg. Agron. 12: 222, 223. pi //4 /. 1. 8 1945. 

Schnack, B. & Covas, G. T T n hihrido interespecifico del gfoiero Glandularia (G* 
peruviana kG. megapot a mica). Rev. Arg. Agron. 12: 224-229. pi. 

IS. 8 1945. 
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Stebbins, G. L. The cytological basis of species hybrids. IT. Hot. Rev. II: 463- 
486. N 1945. 

Stebbins, G. L, Evidence for abnormally slow rates of evolution, with particular 
reference to the higher plants and the genus Drosophila. Lloydia 8: 84- 
102. Je [ An] 3945. 

MYCOLOGY ANI> PHYTOPATHOLOGY 

Abbott, E. V. The relation of the occurrence of foliage symptoms of chlorotic 
streak of sugar cane to the distribution of the virus in the plant. Phyto¬ 
pathology 35: 723-736. f. 1-2. S 1945. 

Ahmad, S. Higher fungi of the Punjab Plains—TV. Lloydia 8: 238-244. f. 
1-4. 8 IN] 1945. 

Arndt, O. H. Viability and infection of light and heavy cotton seeds. Phyto¬ 
pathology 36: 747-753. O 1945. 

Amy, D, C. Inheritance of resistance to barley stripe. Phytopathology 35: 
781-804. f. 1-0. O 1945. 

Bain, D. C. The sooty stripe disease of sorghum. Phytopathology 35: 738, 
739. f. 1. 8 1945. 

Baker, G. E. Conidium formation in species of Aspcrpilli. Mycologia 37: 582- 
600. f. 1-64. S-O 1945. 

Bartsch, A. F. The significance of zygospore character in Polyphapas Eiu/lnmc. 

Mycologia 37: 553-570. f. 1-23. S-O 1945. 

Burkholder, W. H. The longevity of the pathogen causing the wilt of the common 
bean. Phytopathology 35: 743, 744. 8 1945. 

Carvajal, F. Phoma lerreslris on sugar-cane roots in Louisiana. Phytopathology 
35: 744. 8 1945. 

Cook, M. T. 8pt H'ies of Sipichytrium in Louisiana. IT. Species of Louisiana 
Synchytrium. Mycologia 37: 571—575. /. 7. S-0 1945. 

Cormack, M. W. Studies on Ascochyla imperfecta , a seed- and soil borne parasite 
of alfalfa. Phytopathology 35: 838-855. f. 1, 2. O 1945. 

Cummins, G. B. Additions to the Uredinales reported for Peru. Mycologia 37: 
609-618. /. 1-5. 8-0 1945. 

Demaree, J. B. Rhizoctonia bud rot of strawberry plants. Phytopathology 35: 
710-713. /. 1 . 8 1945. 

Deslandeg, J. A. Sobre a queimn do algodeiro no nordeste. Hoi. Fitossan. [Rio 
de Janeiro] 1: 3-18. illast. Mr 1944 [ 1945 |. 

Dodge, B. O. Further remarks on myeogenetic terminology. Mycologia 37: 
629-635. 8-0 1945. 

Doolittle, S. P. A Harter, L. L. A graft-transmissible virus of sweet potato. 

Phytopathology 35: 695-704. f. 1, 2. 8 1945. 

Frezzi, M. J. A Macola, T. La podredumbre del pie de los Citrus en la provineia 
de Cordoba, Argentina. Importancia, etiologia y medios de lucha. Rev. Arg. 
Agron. 12: 203-211. /. 7, 2. 8 1945. 

Greene, H. C. Notes on Wisconsin parasitic fungi. V1J. Ain. Midi. Nat. 34: 
258-270. J1 [8] 1945. 

Heggestad, H. E. Varietal variation and inheritance studies on natural water- 
soaking in tobacco. Phytopathology 35: 754-770. f. 1-3. O 1945. 

Johnson, F. The effect of chemical soil treatments on the development of wheat 
mosjiie. Ohio Join*. Sei. 45: 125-128. J1 [8] 1945. 

Kienholz, J. B. A Childs, L. Fungicides in relation to scab and fruit russet of 
pear in the Ilood River valley, Oregon. Phytopathology 35: 714-722. 8 
1945. 
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Kotiia, J. E. Cotton-leaf-spot Rhizoctonia and its perfect stage in sugar beets. 
Phytopathology 35: 741-743. /. 1. S 1945. 

Kotiia, J. E. Rhizoetonia, foliage disease of Hrvt;a brasilunsis. Phytopathology 
35: 739-741. /. J. H 1945. 

Kunkel, L. O. Studies on cranberry false blossom. Phytopathology 35: 805— 
821. /. 1-1. () 1945. 

Latham, R. Vefraria islandica (L.) Aeh. on Long Island, X. Y. Brvologist 48: 
159, 1 HO. S | 03 1945. 

Long, W. H. Volyporus Farlowii and its rot. Llovdia 8: 231-277. /. 7-4. S [N] 
1945. 

Long, W. H. Studies in the Gasteromyoetes. XI. The genera Trichaster and 
Terras!(Ha. Mycologia 37: 601-508. /. 1-4. 8-0 1945. 

Martin, G. W. The classification of the Tremellales. Mycologia 37: 527-542. 
/. 7. S-0 1945. 

Moore, W. E. & Reynard, G. B. Varietal resistance of tomato seedlings to the 
stem lesion phase of Alternaria sdani. Phytopathology 35: 933-935. N 
1945. 

Mundkur, B. B. & Thinxmalacher, M. J. Two new genera of rusts on Bignonia- 
coae. Mycologia 37: 619-628. /. 1-S. S-0 1945. 

Olive, L. S., Bain, D. C. & Lefebvre, C. L. A leaf spot of cowpea and soybean 
caused by an undescribed species of // elminihosporituu. Phytopathology 
35: 822-831. f. l-i. O 1945. 

Porte, W. S. & Walker, H. B. A cross between Lpcopcrsieon esculent urn and 
disease lesistant 1j. prruvianium. Phytopathology 35: 931-933. /. 7. N 
1945. 

Ray, C. Anthraenose resistance in flax. Phytopathology 35: 688-694. /. J ., 1. 
S 1945. 

Severin, H. H. P. Virus diseases of guayule. Phyto]>athology 36: 737, 738. 
8 1945. 

Singer, R. The /,a.vW<m-complex (Basidiomvcetes). Llovdia 8: 170-230. 8 }N] 
1945. 

Sleeth, B. & Lorenz, R. C. Strumdla canker of oak. Phytopathology 35: 671- 
674. /. /. 8 1945. 

Smith, L. O. & Klotz, L. J. A more virulent black pit organism on citrus. Phyto¬ 
pathology 35: 942, 943. N 1945. 

Smith, O. F. Parasitism of Rhizoetonia solani from alfalfa. Phytopathology 
35: 832 837. f. 7. O 1945. 

Stevenson, J. A. & Imle, E. P. P<rieonia blight on Hevra. Phytopathology 37: 
576-581. /. 1-f. 8-0 1945. 

Thom, C. & Raper, K. B. A manual of the AsprrpiW. i-i.c , 1-373 p. /. .7-76'. 
Williams & Wilkins, Baltimore. 1945. 

Tyler, L. J. & Parker, K. G. Factors affecting the saprogenic, activities of the 
Dutch elm disease pathogen. Phytopathology 35: 675-687. /. 1, J. 8 1945. 

Wallin, J. R. & Reddy, C. S. A bacterial streak disease of Phlvum prat disc 
L. Phytopathology 35: 937-939. N 1945. 

Yin, Sin-Yun. Notes on physiologic specialization in Pureinia pram in is tntici 
Erikas, and Tlenn. in (Inna. Phytopathology 35: 939, 940, N 1945. 

ECOLOGY AND PLANT OROGRAPHY' 

Buell, M. F. & Gordon, W. P. Hardwood-conifer forest contact zone in Itasca 
Park, Minnesota. Am. Midi. Nat. 34: 433-439. f. 1—4. 8 1945. 
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Cockerell, T. D. A. The Colorado desert of California: its origin and biota. 
Trans. Kan. Acad. 48: 3-39. Jc 1,945. 

Shirley, H. L. Light as an ecological factor and its measurement. IT. Bot. Rev. 
11: 497-532. N 1945. 


GENERAL BOTANY 
(including biography) 

Anderson, B. A Finan, J. # J. Maize in the Yanhuitlfin codex. Ann. Mo. Bot. 
(lard. 32: 361-308. pi *36-17+f. 1-3. 8 1945. 

Balfour, F. R. S. Archibald Monzies, 1754-1842, botanist, zoologist, medico and 
explorer, Proc. Linn. Soc>156: 170-183. 21 Au 1945. 

Barrus, M.. F. A Stakman, E. C. Herbert II ice Whetzel, 1877-1944. Phyto¬ 
pathology 35: 659-670. port. 8 1945. 

Beetle, A. A. Kennedy and Heller (1905-1913). Torreya 45: 93-96. 23 S 1945. 

Carter, Q. F. A Anderson, E. A preliminary survey of maize in the .southwestern 
United States. Ann. Mo. Bot. (Sard. 32: 297-322. pi. 7-/ + /. 1-30. 15 S 
1945. 

Davies, P. A. Charles Wilkins Short, 1794-1863, botauist and physician. .Filson 
(Hub Hist. Quart. 19: 131-155. 3 port. J1 1945. 

Dicus, A. W. In memoriam: Dr. Dorr Raymond Bartoo. Jour. Tenn. Acad. 20: 
239-241. port. J] [Sj 1945. 

Fawcett, H. S. Peter Henry Rolf's. Phytopathology 35: 491-497. port. 31 1945. 

Fernald, M. L. Injury to herbarium-specimens by extreme heat. Rhodora 47: 
258-260. Au 1945. 

Fitzpatrick, H. M. Herbert Hice Whetzel. Mycologia 37: 393-413. 3 port, 
Jl-Au 1945. 

Hanna, W. F., Lowe, C. W. A Stakman, E. C. Arthur Henry Reginald Bailor. 
1874-1944. Phytopathology 35: 577-584. port. Au 1945. 

Herre, A. W. C. T. Elmer, A. D. E. Science 101: 477, 478. 11 My 1945. 

Keitt, G. W. Lewis Ralph Jones. 1864-1945. Science 101: 658-060. 29 Je 1945. 

Krotkov, Ch A review of literature on Taraxacum- Kok-Saphi/o. Rod. Bot. Rev. 
11: 417-461. O 1945. 

Larsen, E. L. Pehr Kalin’s re]tort on the characteristics and uses of the Ameri¬ 
can walnut tree which is called hickory. Agric. Hist, 19: 58-64. J a 1945. 

Mangelsdorf, P. C. The origin and nature of the ear of maize. Bot. Mas. Lead, 
12: 33-75. pi 7-13 + /. 7, 3. 15 Au 1945. 

Matzke, E. B. Carlton (A Curtis.* Science 102: 390, 391. 19 O 1945. 

Merrill, B. D. Plant life of the Pacific world, i—j t. 1-295. p. f. I-JM. Macmillan, 
New York. 1945. 

Ponce de Leon y Carrillo, P. So encuentra on Cuba una plaiita puede * 
utilizarse para combatir la lepra. Rev. Hoc. Cub. Bot. 2: 38-42. Mr-Ap 
1945. 

Bands, R. D. Ernest Adam Dopp, 1896-1944. Phytopathology 35: 745, 746. 
port. O 1945. 

Steere, W. C. Robert Stntham Williams (1859-1945). Bryologist 48: 93-99. 

S [0| 1945. 

Weatherby, C. A. Further suggestions for the utilization of bracken in Croat 
Britain. Am. Fern Jour. 35: 56. Ap-Je [11 Jl] 1945. 

Woods, A. F. Merten B. Waite. Science 101: 632. 22 Je 1945. 
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:arlton clarence curtis 

1864-1945 

Edwin B. Matzke 

Professor Carlton C. Curtis wove his life inextrieablv into the science of 

*■ ♦ 

botany, to which he was complete]}’ devoted, and into Columbia University, 
which lie served Jong and faithfully. Through his efforts, both the science and 
the University have been deeply enriched. • 

Carlton Clarence Curtis was born near Syracuse, N. Y., in 1864. His early 
training was at Syracuse University, from which he received his bachelor’s 
degree in 1889, and at Columbia University, which awarded him the master’s 
degree in 1892. lie then returned to Syracuse for the doctorate in 1893. 
Subsequently he studied at the University of Cambridge in England, where 
he was associated with Francis Darwin, and at the University of Leipzig in 
Germany, where he worked under the brilliant plant physiologist Pfeffer. 
The training which he received under these two men is reflected in his publi¬ 
cations in the field of plant physiology. 

For two years Dr. Curtis was principal of Fayetteville Union School, 
N. Y., and for two additional years he was an instructor in natural science 
in Brooklyn Polytechnic Institute, N. Y. In 1892 he was appointed assistant 
in Columbia University, and from that year until his retirement in 1934 he 
was associated with its Department of Botany; it was there that he did his 
life work. 

The published material of Dr. Curtis covers a wide range of topics and 
attests the catholicity of his interests. His earliest investigations dealt with 
the structural and cellular features of orchid seeds and their significance in 
classification. He then made careful studies of the early stages in the develop¬ 
ment of the lichen thallus, and followed these with an account, of algae 
characteristic of New York harbor. In 1898 he published a lucid discussion 
of the evolution of assimilating tissue and the fundamental nature of the leaf 
in the plant kingdom. During the early years of the twentieth century. Pro¬ 
fessor Curtis turned his attention largely to the young and growing science 
of plant physiology. In a series of experiments he analyzed turgidity in the 
liyphae of fungi under controlled and varying environmental conditions. 
Next there followed a series of studies on transpiration. The work performed 
by the plant in transpiration was computed, and subsequently the daily 
transpiration curve in light and in darkness and correlated stomatal activity 
were recorded and interpreted. He then studied the characteristics of etiola¬ 
tion developed by plants growing in feeble light. Professor Curtis also pub- 
• . 103 
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lished an article on successive flowering of the tulip tree in one season, and 
another on the conifers of the northwest. From a consideration of his investi¬ 
gations, it is evident that his research interests were unusually broad. During 
these years he also prepared numerous book reviews. 

Professor Curtis published three books. The first, A textbook of general 
botany , appeared in 1897; this was modestly intended as “an exposition” 
of the laboratory work required of beginners at Columbia, but it is a sizable, 
complete and well-illustrated volume. The second book, Nature and develop¬ 
ment of plants, w 7 as first put out in 1907, and has gone through numerous 
editions and printings. It has been used widely as a text-book in elementary 
courses in botany in colleges and universities throughout the United States. 
It is written in pleasant literary style, and in this respect is entirely different 
from the stilted approach so characteristic of scientific text-books. Nature 
and development of plants was a superior presentation of the whole field of 
botany; the second part of this work, dealing with the plant kingdom, is still 
unsurpassed as a brief discussion of the groups of plants. Dr. Curtis’ third 
book, A guide to the trees, appeared in 1925. Although complete treatises on 
the trees of northeastern North America were available, this was intended 
as a brief but scientifically accurate guide, written in language which could 
easily be understood. The drawings were made by Mrs. Curtis. This volume 
has also had wide use and has passed through numerous printings. It is of 
course distinctly unusual for a man trained in physiology to write a success¬ 
ful book on trees. But Professor Curtis was thoroughly familiar with plants 
in the field; he personally assembled the sizable herbarium which is now used 
as the teaching herbarium of Columbia University. In a way achieved by few 
.men, Dr. Curtis w r as a general botanist, specifically trained in various fields, 
and capable of seeing the plant as a wdiole and of visualizing the problems 
connected with it in three dimensions. 

This breadth of outlook and training was to a considerable extent re¬ 
sponsible for his remarkable success as a teacher; for in spite of his accom¬ 
plishments as a scientist and 'as an author, his greatest achievement was 
probably in the classroom. Dr. Curtis taught the large general course in ele¬ 
mentary botany throughout his long period of association w r ith Columbia 
University. For many years he conducted the graduate work in plant mor¬ 
phology; he also gave a course in Columbia College on algae, and another 
in the School of Engineering on trees and timbers. Dr. Curtis’ lectures were 
always carefully prepared, delivered in fine English, and touched with 
humor. The thousands of students who passed under his tutelage respected 
him for his learning, admired him for his ability as a teacher, and sought his 
counsel because of his sympathetic and human understanding. 

Dr. Curtis joined the Torrey Botanical Club in 1892. For more than 
twenty years he was one of its very active members, frequently reporting 



1046 J 


MATZKE: C. C. CITRTIS 


105 


on the program and serving in sundry capacities. He was treasurer in 1906 
and 1907, and associate editor from 1898 to 1902; he served on the program 
committee for two years, on the committee on admissions for four years, and 
on the local flora committee from 1909 to 1920. He was elected to life mem¬ 
bership in 1934. He was also a member of Phi Beta Kappa, Sigma Xi, and 
numerous scientific societies. 

In his earlier years Dr. Curtis was a man of buoyant disposition and keen 
good humor, animated, energetic, and with a wide circle of friends. He was 
always interested in camping and fishing; even in later years he could cast 
a fly with fine precision, and his skill with a rifle never left him. He liked to 
spend his spare hours in the field. Sometimes on foot and sometimes by canoe, 
he would disappear into the vanishing wilderness in various parts of the 
United States and Canada to seek refreshment. When he was no longer vigor¬ 
ous enough to do this, he built simple cabins—always beyond the end of the 
trail, and there he studied plants and birds under undisturbed conditions. 
Dr. Curtis was an accomplished naturalist; he kept records and made obser¬ 
vations in the field for many years, and he had a keen appreciation of plant 
and animal life, in which he never lost interest. 

Unlike most scientists. Professor Curtis was widely read in literature, 
in the Bible, and in world affairs. Poetic and sensitive by nature, he had a 
natural appreciation of good literature. He traveled extensively, not only in 
North America, but in little-frequented parts of Europe, and in the Holy 
Land. Even in his advancing years he was still the witty, animated, brilliant 
conversationalist, with an almost endless fund of true stories, drawn mostly 
from his own experiences. His broad scientific training, his interest in wild 
life, his appreciation of literature, his wide travels, his sense of humor, and 
his forceful personality all blended to make him a man of unusual richness 
and (‘harm. Although thoroughly kindly, he was strong in his conviction of 
right and wrong, completely impatient with sham and pretext, and unwilling 
to mince his words. Such men frequently suffer internally in an imperfect 
world. 

Professor Curtis spent more than ten years in idyllic retirement. He con¬ 
tinued to travel to some extent, but lived mostly at Trvon, North Carolina, 
where the Blue Ridge Mountains roll away from the Piedmont. Here he and 
his wife, Ellison Gwyn Curtis, built an unpretentious but attractive home, 
facing the mountains. They were singularly blessed in having in common 
similar philosophies of life, love of good literature, interest in plants and 
birds, appreciation of the beautiful, fondness for camping, fishing, and 
travel, and a sense of humor. 

Professor Curtis died at his home at Trvon on April 10, 1945. In his 
passing the science of botany lost one of its greatest teachers and one of its 
finest scholars. His long and fruitful life was one of rich accomplishment and 



106 


BULLETIN OF THE TORREY CLUB 


IVol. 73 


noble simplicity. The letters which so many of his students have written are 
at once a mark of the esteem in which they held him and a tribute to the 
inspiration which he afforded them. They all speak of him in similar terms, 
as one who was a thorough gentleman, whose life reflected the quiet greatness 
of his soul. 
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FURTHER STUDIES ON THE ERYSIPHACEAE OF CHINA 1 

F. L. Tai 2 

Taxonomic work in fungi is usually done with herbarium material. Most 
of the taxonomists still cling to the old conception of the rigidity of species. 
Allowance is not, as a rule, duly made for the effect of environment and host 
on the variation of morphological characters. Salmon is conservative in 
species limitation, recognizing in his monograph of the Erysiphaceae (Mem. 
Torrey Club 9: 1-292. 1900) only 49 species and 11 varieties for the whole 
world. The fact that Salmon’s monograph lias remained the standard work 
for so many years is not without reasons. After many years’ study on the 
Erysiphaceae of China both in the field and in the laboratory the writer has 
come to believe that a broad view on species limits should be taken. 

This paper gives mainly results of careful comparative studies of all 
available collections of most of the species of Erysiphaceae so far reported 
from China. It seems advisable and proper to keep the collective species: 
Erysiphc Polygoni, Erysiphc Vichoraccarinn and Mwrosphucra Aini as 
emended by Salmon. One variety of Erysiphc , two species of Microsphacra 
and one species and one variety of Vncinula are described as new. 

Spiiaerotheca fuliginea (Schlecht.) Pollaei. 

On Bidens bipinmata, Fukien: Shaowu, Loh 16,221. On Cosmos bipin not a, Yunnan: 
Kunming, 6362.* On Cucurbita Pepo, Yunnan: Kunming, 7382. On C. sp., Yunnan: Kun¬ 
ming, 4051; Chengkiang, 4048. On Hibiscus mulabitis , Yunnan: Kunming, 7218, 8022. 
On H. syriacus , Yunnan: Kunming, 8016. On Impaticns Balsa7nina f *YvsNAS: Kunming, 
4110; Tali, 4109; Fukien: Shaowu, Loh 16,523. On Taraxacum orientate, Hopei: Kalgan, 
Wu 113. 

Perithecial stage rarely occurs on members of the Cueurbitaceae. Er\p 
siphe Cichoracearum has been recorded on them in Europe, North America, 
and Japan; E. Humuli in Europe (Marie, R., Bull. Soe. Mycol. Fr. 46: 231. 
1930) and Sphaerothcca fuliginea in Central Europe, Russia, and Japan. 
In China only fiphaerothcca fuliginea has been so far found on Cucurbita 
Pepo (Sinensia 3: 98. 1932). In a previous publication (Tsing Ilua TTniv. 

1 Paper No. 27 from the Division of Plant Pathology, Institute of Agricultural Re¬ 
search, Nat. Tsing Hua University, Kunming, Yunnan, China. 

2 The writer wishes to acknowledge his indebtedness to the following gentlemen for 
sending specimens for this study: Professors L. T. Lin, Tsing-tsuh Loh; Drs. 0. S. Wang, 
H. K. Chen, L. Ling and C. T. Wei; Messrs. Y. 8. Wu and W. L. Hsian, and especially 
to Mr. C. Y. Wu for identifying host plants. 

* This refers to the Tsing Hua Pathological Herbarium number for additional collec¬ 
tion mostly made in Yunnan since 1939. 
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Inst. Agr. Res. Bull. 6: 22. 1941) the writer lias referred the powdery mil¬ 
dews on Cucurbit a sp. and Momordica charantia collected in the province 
of Yunnan to Erysiphe Cichoracearum, relying at that time on the erroneous 
determination of the conidial stage. Since then perithecia have been found, 
on re-examination, on tv T o of the collections, nos. 4048 and 4051. The fungus 
again proves to be Sphacrothcca fuliginca: perithecia 89-106 p in diameter; 
cells of the peritheeial wall 17-29 p wide, mostly above 21 p; asci subglobose 
or broadly ovate, 69-91 x 57-69 p; spores 16-20 x 11-16 p. Conidia in chains, 
29-34 x 20-21 p w ith fibrosin bodies. 

Sphaerovheca lanestms Harkness. 

On Lithocarpus deaU)ata f Yunnan : Kunming, 4111. On Quercus Delavayi, Yunnan: 
Kunming, 7237. 

The occurrence of this species in China w*as reported by the writer in 
1935 (Bull. Ch. Bot. Soc. 1: 13. 1935). In the collections of powderymrildew 
made at different places in the province of Yunnan, a form of Spha-erothcca 
lancstris with evanescent mycelium lias been found on Lithocarpus dealbata 
and Quercus Delavayi: hypophyllous; mycelium evanescent; perithecia sub- 
gregarious in spots, 90-114 p in diameter; appendages usually obsolete or 
few, short, branched, thick-veiled, hyaline, at the base of the perithecium; 
asci at first fusiform, becoming broadly ovate or subglobose after absorbing 
enough water, 86-105 x 63-75 p; spores ellipsoid or oblong, 24-31 x 16-20 p. 
The fusiform asci, when not fully expanded, measure 114-157 x 5-1—63 p. A 
novice w T ould consider the present plant as a distinct species if he took the 
fusiform, not fully expanded asci as typical. (Fig. 1.) 

The vTiter re-examined specimens of the collection, Chco 2851 , collected 
by Mi*. S. Y. Chco in Ivwangsi, which had been referred to Sphacrothcca 
lauestris in 1935 fl.c.) as above mentioned, and found that the fully ex¬ 
panded asci measure 77-100 x 60-66 p and are also broadly ovate or sub¬ 
globose in shape. The Yunnan form on Lithocarpus dealbata and Quercus 
Delavayi is no doubt identical with the former in spite of the fact that its 
mycelium is evanescent. The character of the mycelium is, therefore, not a 
constant one in Sphacrothcca lancstrj#. 

Sphaerotiieca pannosa (Wallr.) Dfcv. 

On Row cent if alia, Yunnan: Kunming, 4112. On R. mnlUflora , Yunnan : Kunming, 
4113. On R. rugosa , Kiangsu: Wusih, IT. N. Path. no. 3915. 

The plant on Rosa rugosa (IT. X. Bath. no. 3915) w T as formerly referred*, 
to Sphacrothcca Hamuli (Bull. Oh. Bot. Soc. 1: 13. 1935). Re-examination J 
of both the peritheeial and conidial stages of the original collection show’s 
that the plant should be identified as Sphacrothcca pannosa. Its.description 
follows: 
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Amphigenous; mycelium persistent, thick, effused or forming patches, 
white at first, becoming gray or brownish, also on petioles; conidia 4 in chains 
(2-4), cylindrical, with fibrosin bodies, 24-30x10-15 p, conidiophores 4-5- 
celled, 107-149 x 8.5-10 p, perpendicular to the hyphae. Perithecia gregari¬ 
ous to scattered, immersed in the persistent mycelium which is thick-walled, 
hyaline, about 5-6 p thick, 81-97 p in diameter; cells of the perithecial wall 
obscure, 10-16 p wide (mostly 11-13 p); appendages few, 1-10, often obso¬ 
lete, tortuous, thick-walled up to the apex, brownish or only colored at the 
basal part, hyaline or subhyaline at the upper part, very short (1/5) to 
twice as long as the diameter of the peritliecium, usually short, 3.6-5.0 p 
wide, 1-septate at the base; asci globose or subglobose, rarely shortly stalked, 
89-104 x 76-83 p; spores 8, ellipsoid, 27-34 x 16-20 p. 

Two species of Sphacrothvca have been recorded on Rosa spp.: Sph. 
pannosa and Sph. Humnli. Sph. pannosa is close to Sph. Hu midi , but differs 
mainly in the persistent, thick, and pannose mycelium, the shorter and tor¬ 
tuous appendages, and the larger asci. The conidia of the former species are 
also much shorter and narrower than those of the latter. O 11 account of these 
distinct characters the present form is referred to Sph. pannosa. Tn the 
description of this fungus by Salmon (Mem. Torrey Bot. Club 9: 66. 1900) 
the appendages are described as “very short.” Those of the present plant 
are usually short, few, and sometimes obsolete, but often short and long ones 
occur on the same peritliecium, the long ones attaining a length up to twice 
as great as the diameter of the peritliecium. 

According to Woronichine (Bull. Trim. Soc. Mvc. Fr. 30: 398. 1914) the 
appendages of Sph. pannosa on peach arc 10-15 in number, (dear brown 
and short (“15-30” p long), but sometimes attaining a length of 70 to 90 11 
long (perithecia “70-93.6” p in diam.). Sehwarze in his “Parasitic fungi 
of New Jersey” (New Jersey Exp. Sta. Bull. 313: 33. /. 120. 1917) stated 
that the appendages of Sph. pannosa are few, very short, and tortuous, but 
his illustration of the perithecium shows eight colored tortuous appendages 
which are at least as long as the diameter of the perithecium. From these 
it is evident that the appendages of Sph. pannosa are not uniformly “very 
short” as stated by Salmon. 

Spiiaerotiieca Wrightii (B. & C.) v. Hoehnel. 

On Qucrcus glaiica, Fukien : Shaowu, Loh 16,400. 

Hypophyllous; mycelium persistent, forming definite patches; brown 
hairs from the mycelium, sickle-shaped or various in shape, occasionally 
branched, thick-walled to the apex; perithecia 60-74 p in diameter; cells of 
the perithecial wall obscure, those of the inner wall 6-15 p wide; appendages 

4 According to Milo. Bouwens (Phytopath. Lab. Willie Commelin Scholten Meded. 8: 
3-47. 1924) the average length of the conidia of Sph. pannosa varies between 22.92 and 
28.08 p, the average width between 13.03 and 15.81 p. Conidia of Sph. Enmuli including 
Sph. fuliginea were found by her to vary in length between 20.65 and 39.89 p and in 
width between 16.22 and 22.20 p. 
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few, 1—4, at the base of the perithecium, tortuous, brown, short (equaling 
the diameter of the perithecium) and thick-walled; asci broadly ovate, 
57-71 x 44-54 q; spores ellipsoid or ovoid, 17-23 x 11-16 p. 

Sphaerotheca Wrightii is distinct from Sph. lanestris by the presence 
of the brown, sickle-shaped hairs, smaller peritheeia, asci, and spores. 

Podospi i aera lepcotrktia (E. & E.) Salmon. 

On Main# xpcelabilix, Yunnan: Kunming, 5253. 

This fungus is common at Tapugi, Kunming, and causes serious disease 
in Malvs spcctabilis. The perfect stage has not yet been collected. Its conidial 
stage is as follows: mycelium amphigenous and eaulicolous, persistent, thick, 
effused; conidiophore 4-5-eelled, 74-114 x 8.6-11 q; eonidia in chains, ovoid, 
broadly elliptic or oblong, containing fibrosin bodies, 21-23 x 14-19 p. 

Podospi i aer a Oxyacanthae (DC.) de Bary. 

On Cralargns scabrifolia, Yunnan: Kunming, 79 27. 

Only the conidial stage was collected. It shows the following characters: 
mycelium amphigenous, persistent, forming definite patches; conidiophores 
5-6-celled, 129-200 x 7-9 p; eonidia in chains, ovoid or oblong, 20-27 * 
10-13 p. 

Podospiiaera tridactyla (AVallr.) de Bary. 

On Prumts Ptrxica, Yunnan : Kunming, 7 910. 

Amphigenous, mainly hypophyllous; mycelium evanescent; peritheeia 
scattered to gregarious, cells of the perithecial wall obscure, 8.6-11 p wide, 
83-90 p in diameter; appendages 2-4, septate, 3-5 times dichotomouslv 
branched at apex ; ultimate branehlets recurved; asei 59-70 x 57-64 p ; spores 
19-27 x 13-17 p. 

Erysipije CiciiORAc'EAurM DO. E. Planiaginis (Link) Sawada, Agr. 
(iov. Res. Inst. Formosa Report No. 24: 49. 1927. E . tabaci Sawada, Ibid. : 
43. 1927. E. lamprocarpa (AVallr.) Duby in Blumer-Beitrage Krvpto- 
gamenflora der Seliweiz 7 (1) : 275. 1933, 

On Nicotiana tabacum , Yunnan: Kunming, 4053, 4137, 5255; Shihping, 6'940; 
Taclnvang, 4054. On Plantago major, Yunnan: Kunming, 4103 . 

Sawada (l.e.) and Blumer (l.c.) restored the form of the collective spe¬ 
cies, Erysiphc Cichoravcarnm , on the genus Plantago to specific rank, and 
named it E. Plantaginis and E. lamprocarpa respectively as a result of 
cross-inoculation experiments and on minor morphological differences. In a 
study of the conidial stage of species of Erysiphc in Formosa, Sawada found 
that the conidiophores of that genus could be divided into three types: (1) 
conidiophore perpendicular to the hypha without enlargement at the base: 
forms on tobacco, poppy, Lconnrus sibirica and Leucas javanica have this 
type of conidiophore; (2) conidiophore arising from the side of the hypha 
with its basal part curved: forms‘on Plantago , Lactuca debilis , Sonchus 
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arvensis, etc.; (3) conidiophore perpendicular to the hypha with the basal 
cell enlarged: E. graminis. E. Plantaginis was separated by Sawada from 
the other forms of E. Cichoracearum mainly by its inability to infect hosts 
other than Plantago major, and the curved basal part of the conidiophore. 
Begarding the latter the present writer has found perpendicular conidio- 
phores in the form of Erysiphe Polygons on Pisum sativum, but curved 
conidiophores in that of the same species on Vida Faba in the material col¬ 
lected at Kunming. From this it is clear that this minor morphological 
difference of the conidiophore is not of sufficient importance for differentiat¬ 
ing species. 

Blumer (l.c.) stated that E. lam procar pa differs from other forms of E. 
Cichoracearnm sensu lato by its very numerous and short appendages as 
well as its long and narrower eonidia (“35-39” p long, “ 16-19” p wide). 
On re-examination of the Chinese form of E. Cichoracearum on Plant ago 
major and also of fresh material of the conidial stage, it has been found 
that the number of appendages varies from 20 to 60 or more. Short and long 
ones occur on the same peritheeium measuring from (37)100 to 294 p in 
length. They are never uniformly short and numerous. Sawada described 
the appendages of the Formosan form as several in number, long and short 
on the same peritheeium, measuring 36-200x8 p. The size of the conidium 
jf the Chinese form, according to the measurements of the writer-26-40 < 
4-18 (21) p-, is very close to that of Blumer and Sawada. But the conidium 
of a form of E. Cichoracearnm on tobacco collected at Kunming is practi¬ 
cally of the same size as that of the fungus on Plantago: 26-41 p long, 
14-18 p wide. 

The conidiophore of the form on tobacco and poppy is said to be perpen¬ 
dicular to the hypha. On that account this form was raised to specific rank 
by Sawada as E . tabaci It is similarly untenable for the reason already 
stated. 

It is of interest to note that E. Cichoracearnm has been recorded on 
Helianthus annuus in Europe, North America, and Japan, while in their 
studies of Erysiphaceae of China Wei and the present writer have so far 
only found E . fuliginea on that host plant. Teng also reported the same 
species on the latter (Contr. Biol. Lab. Sc. Soc. China 8: 7. 1932). Although 
E. Cichoracearum has been reported on Helianthus annuus from this coun¬ 
try by Chu (Jour. Agr. Assoc. China 54. 1927) this report might have been 
based on the conidial stage alone, for the conidium of E. Cichoracearum is 
often separated with difficulty from that of E. fuliginea . Tn the Tsing Hu a 
Pathological Herbarium there is one collection of Erysiphe , no. 4052, on 
Helianthus annuus collected at Chengkung and identified as E. Cichor¬ 
acearum by Prof. L. T. Lin. The writer did not succeed in finding any 
perithecia on specimens of that collection and suspects that this fungus also 
might be E. fuliginea. 
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Erysiphe graminis DC. 

On Tritwum aestivum, Yunnan: Kunming, Idol; Chengkung, 4057, 4056; Tacli- 
wang, 5330; Mengtze, 5331, 5354; Jautung, 4060; Tungchuan, 4061; Hsungtien, 4062; 
Kwangtung: Canton, 4059; Siiensi: Yen-an, Wu 1000. On Hordeum vulgare, Yunnan: 
Kunming, 5367; Chengkiang, 5318; Liman, 5336; I Liang, 5342; Mengtze, 5329. 

Erysiphe Polygoni DC. E. Glycines Tai, Lingnan Sci. Jour. 18: 457. 
1939. 


On Amphicarpaea Edgeworthii, Yunnan: Kunming, 7904, 7606. On Begonia ynfi¬ 
liation,sis, Yunnan: Kunming, 7921, 7919. On B. Evansiana ?, Honan: Sunghsien, Wang 
1915. On Castanopsis concolor , Yunnan: Kunming, 8027. On C. Delavayi, Yunnan: 
Kunming, 4194 , 7 204, 7942; Chengkiang, 5671; Yuankiang, 6690, 6666; Merhkiang, 
6986. On C. sp., Sikang: Sichan, 8497. On Lathy ran palustris, Yunnan: Kunming, 8151, 
8150. On Timm sativum, Yunnan: Chengkung, 4064; Fukien: Shaowu, Loh 18,259. 
On Polygonum nodosum, Fukien: Yungan, 7518. On Ploctranthus eriocalyx, Yunnan: 
Kunming, 8206. On Quorcus Schottlcyana, l r UNNAN: Kunming, 4066, 8018 , 8021. On 
Sambucus adnata , Yunnan: Kunming, 5282, 5283, 5298. On Thalictrum reticulatum , 
Yunnan; Chichushan, Pinehuan, 4047. On T. Delavayi, Yunnan: Kunming, 7941. On 
T. s]>., Honan: Sunghsien, Wang 2400. On Yieia dasycarpa , Yunnan: Kunming, 7818. 
On V. Ervilla, Yunnan: Kunming, 7 820. On V. Faba, Yunnan*. Kaiyuan, 4063; Cheng¬ 
kung, 5317; Kunming, 7556. On V. moatha, Yunnan: Kunming, 7819. On V. saliva, 
Yunnan: Kunming, 7491. On V. ietrasperma, Yunnan : Kunming, 7290. On V. villosa, 
Yunnan : Kunming, 7821. 

The appendages of all these collections vary much in length on the same 
perithecium, and in number on the same specimen. Tlie size of the peri- 
theeium and the number of aseospores also vary greatly. All these collections 
are, therefore, referred to Erysiphe Polygoni as emended by Salmon. A 
careful comparative study lias also been made of the other available collec¬ 
tions; the characters of these collections grade into one another in such a 
way that it does not seem feasible to split the collective species, E. Polygoni, 
into many as Blunter lias done. 

The fungus on Casl an apsis has relatively smaller peritheeia and uni¬ 
formly very short and numerous basal appendages. But when all its char¬ 
acters are considered as a whole, it is still within the limits of E. Polygoni 
sensu lato. The characters of this fungus follow: epiphyllous; mycelium 
persistent, effused or forming definite patches; peritheeia gregarious to 
scattered, cells of the peritheeia] wall 7-13 p wide, 60-94 p in diameter; 
appendages basal, numerous, flexuose-eontorted, hyaline or brownish, 1- or 
mostly non-septate, not branched or 1-2 diehotomously branched at apex, 
J to $ of the diameter of the perithecium; asci 2-4, broadly ovate or sub- 
globose, with or without a very short stalk, 46-60 x 40-54 p; spores 5-7, 
rarely 4 or 8, oblong, 21-29 x 11-14 p. 

A species of Erysiphe on Epimedium from Ilonan, although showing 
affinity with E. Polygoni, is remarkable in having larger asci and longer 
spores. It is here considered as a new variety of E. Polygoni: 

Ervsipiie Polygoni var. Epimedii Tai, var. nov. 

On Epimedium sp., Honan: Kunghsien, 1942, O. S. Wang, Wang 2520 , type. 

A typo differt aseis 64-80 x 36-51 p majoribus, sporidiis 20-34 x 10-14 p 
lougioribus. 

This variety has larger asci and longer spores. Tt shows tlie following 
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characters: hypophyllous; mycelium persistent, effused and arachnoid; 
perithecia subgregarious to scattered, cells of the peritheeial wall 10-14 p 
wide, 104-129p in diameter (mostly 120 p); appendages 15-22, 1-5 times 
the diameter of the perithecium, long and short on the same perithecium, 
hyaline, not branched, flexuose, hyaline or brownish and thick-walled below, 
sometimes geniculate; asci 8-12, ovate with a short stalk, 64r-80 x 36-51 p; 
spores 4-5, usually 5, oblong or subcylindrical, 20-34 x 10-14 p. (Fig. 2.) 

Erysiphe sp. 

On Populm Simonii, Shensi: Paoclii, 8ept. 29, 1939, Y. S. Wu 84S9. 

A species of Erysiphe was collected on Pop ulus Simonii at Paochi, 
Shensi, by Mr. Y. S. Wu in 1939. Unfortunately the plant is immature. It 
shows the following chai^acters: epiphyllous; mycelium persistent, dense, 
effused or forming patches; perithecia suhgregarious to scattered, cells of 
the peritheeial wall obscure, 150-181 p in diameter; appendages numerous, 
basal, tortuous, usually short to one-half as long as the diameter of the 
perithecium, hyaline; asci 6-12, broadly ovate to subglobose, 53-57 x 33-41 p; 
spores not yet delimited. 

Microsphaera Alni (Wallr.) Winter emend. Salmon. 

On Alcebiu trifoliata, Honan: Sunghsien, Wany 622. On Corylus hcterophylla, 
Honan: Sunghsien, Wavy 1061. On Cast aura mollis.sima, Yunnan: Kunming, 6973; 
Kweichow: Meit-an, 7936. On Pier asm a (juassioidcs, Shensi. Shin, 8297 . On Quercus 
acutissima , Kweichow: Meitan, C. U. Path. Herb. no. 461; Szechuan: Kwanlisien, Wei 
2187 . On Q. Fabri, Hunan : Changsha, 4079. 

There has been much confusion concerning the identity of the species of 
Microsphaera on Quercus. Five species have been described from North 
America, and one from Europe. The writer has made a careful study of all 
the available collections of the Chinese forms of Microsphaera (list of speci¬ 
mens examined not given for limitation of space) that occur on the genus 
Quercus, and found that they are not identical with any of the species so 
far described on this genus. The appendages of the Chinese forms are 
usually shorter than or equal to the diameter of the perithecium (sometimes 
only one-half as long), and the primary branches are usually much longer 
than those of other orders. One group of the collections lias larger perithecia 
(108-157 p in diameter) and larger numbers of asci (5-10, rarely 13) than 
the others so far examined (perithecia 88-120 p in diameter; asci 3-7). 
The mycelium, being either amphigenous, epiphyllous, or bypopbyllous, and 
evanescent or persistent, is not a reliable character for differentiation of the 
different forms. But wdien all the characters are taken into consideration 
as a whole, the forms of the two groups above mentioned differ more from 
one another within the same group than between the two groups in other 
characters such as the size of ascospore, the length of appendages, etc. The 
writer is thus inclined to the opinion that the Chinese forms of Microsphaera 
on Quercus so far studied had better be referred to M. Alni as emended by 
Salmon. 
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The mode of branching of M. Alni var. dent at ae (Liou) Tai (Bull. Ch. 
Bot. Soc. 1: 22. 1935) is somewhat similar to that of M. Alni calocladophora 
(Atk.) Salm. in that the main axis of the primary branches, not dividing 
dichotomously at the apex, often grows on and bears sets of opposite 
branches, but the former differs from the latter in the smaller ascospores, 
shorter appendages, and more numerous asei. This type of branching is 
occasionally seen in other forms of Microsphacra on Qnercus. 

Mickokpiiaera Decaisneae Tai. 

Although M. Dccaisncac (Lingnan Sci. Jour. 18: 459. 1939) is close to 
M. Alni , it is unique in the few appendages, the uniformly colored basal part 
of the appendage (one-third or one-half the length from the base) and the 
larger spores. 

Microsphaera berberidicola Tai, sp. now 

On fterberin sp., Honan : Huiighsien, Oct. 1039, C. K. Wang, Wang type. 

Am])higena, ])lerumque epiphylla ; mycelio persistente vel subpersistente, 
elfuso; peritheeiis dense gregariis vel sparsis, 80-97 p diametro, eellulis 
parietis exterioris 7-13 p Jatis; appendicibus 6-11, diametro peritheeii 1-2.5 
longioribus, ramulis, 3-4-, rarins 5- vel 6-diehotomis, ram ill is ultimis 
plerumque recurvatis; ascis 4-7, late ovatis, 50-60 * 34 40 p, 4-6-sporis; 
sporidiis ellipsoideis, 18-20 v 10-11 p. 

Amphigenous, ehieflv epiphyllous; mycelium persistent to subpersistent, 
effused or forming patches; perithecia densely gregarious or scattered, cells 
of the perithecia! wall 7-13 p wide, 80-97 p in diameter; appendages 6-11, 
equaling to 2.5 times the diameter of the peritheeium, usually slightly exceed¬ 
ing the diameter, 3-4-, rarely 5- or 6-dichotomously branched, flaccid when 
long, the primary branches usually much longer than those of other orders, 
divergent, the ultimate branchlets mostly recurved, 7-8 p wide and thick- 
walled at base; asei broad!v ovate, 50-60 v 34-40 p, 4-7 in number, usually 
5-6 ; sj>ores 4-6, ellipsoid, 18-20 x 10-11 p. (Fig. 3.) 

The plant is very close to M. divaricahi in the mode of branching of the 
appendage and in the number of the same, but differs in the much shorter 
appendages and larger asei. It is also distinct from M . Ionic (rat in the 
smaller number of appendages, different mode of branching, longer asei, 
and smaller spores. 

Microsphaera Grossilartae (Wallr.) Lev. 1M. Sophorac Gandara. 
Mem. Acad. Oient. Mex. 26: 234. 1908. M. Bide nth Tai, Lingnan Sci. Jour. 
18: 458. 1939. 

Burrill first referred M. Van-Bruntiana Gerard (Ell. & Ev. N. Am. 
Pyren. 24. 1892) to M. Grossulariae. This was followed by Salmon in his 
monograph on the Erysipliaceae (Mem. Torrey Club 9: 157.1900). Jaczewski 
(Karmanni opridielitel gribov. 2 Lieferung: Mehltaupilze 1927), however, 




Fig. 1. Sphaerotlieca lanesiris (on Quercun Delavayi), 2 asci: the fusiform ascus 
becoming subglobose after absorbing enough water. Fia. 2. Erysiphc Polygoni var. Epi - 
medii , 3 ascus and 2 ascospores. Fig. 3. Microsphaera berberidicola , 1 perithecium and 
4 appendages, showing the inode of branching. Fig. 4. Uncinula Acalyphae, 1 perithecium, 
4 appendages, 1 asciis j conidiopliore and 3 conidia. Fig. 5. Uncinula Verniciferae (on 
Chionanihus rctusa ), 3 appendages. 
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considered them as distinct species. A careful comparison of the collections 
listed below of Microsphaera on Bidens , Berbers, Caragona and tiambucus 
led the writer to the conclusion that they all should be referred to M. Gros- 
snUiriae. He is not sure whether M. Sophorae should be considered a syno¬ 
nym of the former, but the forms on Caragona and Berberis from North 
China which have referred to M. Sophorac (Bull. Ch. Bot. Soc. 2: 23. 1936), 
do not differ essentially from M. Grossidariae. 

The present writer has also studied collections of the forms of Micro¬ 
sphaera on Berberis and Sambucus from Japan. The collections no. 18 and 
no. 594 ex Herbarium Faculty of Agriculture, Hokkaido Imperial Univer¬ 
sity, on Berberis amurensis and B. vulgaris respectively, originally labelled 
as “Microsphaera Berberidis,” are identical with M. Grossulariae. Another 
collection from Japan on Berberis Thunbcrgii, also labelled as “M. Ber¬ 
beridis” is evidently to be^ifferred to M. divarieata , since the primary 
branches are long and divergSt and the tips of the ultimate branehlets all 
recurved. 

Specimens examined: On Sambncus chi uni sis (not Bidens sp.), Szechuan: Kwan- 
hsien, Wei 2170. On S. japonica Kiangsu : Nanking, Shtn 28 $. On S . sp., Japan, Nov. 1927, 
V . M. Chu. On Berberis amurensis , Chaiiak: Shiaowutaishan, Aug. 20, 1934, L. Shill. 
On B. Poiretti , (Tiahak: Shiaowutaishan. Aug. 20, 3934, L . Shih. On Caragana chamlagu , 
Hopei: Peiping, Sept. 12, 1934, C . C. Cheo. On Berberis amurensis , Japan: Sapporo, 
Oct. 3, 1925, Y. Htmma (no. 18 ex Herbarium Faculty Agr. Hokkaido Imp. Univ.). 
On Berberis vulgaris , Japan: Sapporo, Sept. 8, 1921, Y. llomma (no. 594 ex Herbarium 
Faculty Agr. Hokkaido Imp. Tiiiv.). On B. Thumbergii, Japan: Rot. Gard. Koishikawa, 
Tokyo, Nov. 29, 1904, S. Kusano. 

Microsphaera Blasti Tai. 

hi a previous publication (Lingnan Sei. Jour. 18: 458. 1939) thq host 
plant of Microsphaera Blasti was given as Blast us pauciflorus. This lias re¬ 
cently been found to be incorrect; it is Lindera megaphylla. Although M. 
Blasti is very close to M. Benzoinis (Bull. Ch. Bot. Soc. 1: 23. 1935) and on 
a host of the same genus as the latter, yet the former is distinet in the more 
numerous and much longer appendages, fewer and smaller asci, fewer spores 
in each ascus, and the different mode of branching of its appendages. 

M. Blasti: Appendages 7-15, usually about 10, rarely 2 or 4; 1-2, rarely 
2.5 times the diameter of the perithecimn, usually 1.5 times; 112-287 p long, 
7.8-8.5(11) p wide at base; branching lax and irregular, the tips of the 
ultimate branehlets not all recurved. Asci 3-4, rarely 5 or 6; 42-57 x 30-41 p; 
2-4-spored, usually 3-spored. (Fig. 7.) 

M. Benzoinis: Appendages 3-7, usually 4-5, rarely 2 or 11; shorter than 
or slightly exceeding the diameter of the perithecium, usually shorter; 
57-86(100) p long, 7-8.5 p wide at base; branching close and regular, the 
ultimate branehlets all distinctly recurved. Asci 4-6, rarely 8; 46-71 x 31- 
51(56) p; 3-5-spored, usually 4- rarely 2-spored, (Fig. 8.) 
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Microsphaera Robiniae Tai, sp. nov. 

On JRobinia pseudoacacia , Kansu: Tiensuei, Oet. 10, 1943, W. L. Hsian, Hsian 
197 , TYPE. 

Ampliigena, plerumque epiphylla; mvcelio persistente, effuso; peri- 
theeiis dense gregariis, 119-146 p diametro, eellulis parietis exterioris 10- 
15 p latis; appendicibus 9-25, diametro perithecii 1-2 longioribus, flexuosis 
vel genieulatis, membraua ad basim erassi, hyalinis, saepe brunneolis, 1-sep- 
tatis, ramulis 3-5 dichotomis, ramulis nltimis non recurvatis; ascis 6-13, 
ovatis vel ovato-oblongis, brevissime stipitatis, 64-73 x 29-36 p, 4-7-sporis; 
sporidiis ovoideis, 17-20 x 11-13 p. 

The brandling of the appendages is rather dose; primary brandies are 
usually longer than those of other orders, sometimes divergent. This plant 
shows affinity with M. Euphorbia# , but differs in the much shorter ap¬ 
pendages, rather close-brandling, and the longer asei. It is distinct from 
M. Alni var. hide ns in the smaller number of appendages, ovate or ovate- 
oblong asei, and the never recurved ultimate branch lets. It is very dose to 
M . Umbilici Kom., but differs in the more numerous and flexuous-eontorted 
or angularly bent appendages and much shorter spores. (Fig. 6.) 

ITncinttla Clintonii Peek. 

On Celtis sinensis, Yunnan: Kunming, 4117; Luliang, 7633; Kaiyuun, 11x8. On 
Firmiana simplex, Kweichow: Meitang, C. IT. Path. Herb. No. 048. On Faulownia tomen- 
tosa , Szechuan: Chingtan, 8190. 

The form on Paulownia foment osa has the same characters as the others 
except that the appendages are often abruptly flexuous. 

Uncinula KIcnjiana Homma. 

On Ulmus pumila, Honan: Sunghsien, Wang 1X98. 

Amphigenous; mycelium evanescent; perithecia subgregarious to scat¬ 
tered; cells of the perithecial wall 10-13 p wide, 71-90p in diameter; ap¬ 
pendages 7-14, | to slightly ^exceeding the diameter of the perithecium, 
5.7-6.4 p wide at base, asperulate up to the apex, enlarged and coiled twice 
at the apex, thin-walled throughout, hyaline; asei 3-5, broadly ovate or sub- 
globose, 43-57 x 34-47 p; spores 2, ovoid, 34-37 x 20-23 p. 

Uncinula Delavayi Pat. 

On Cedrela sinensis , Yunnan: Kunming, 4118 , 4119, oX4X, 3X43, 7630. 

Amphigenous, chiefly hypophyllous; mycelium evanescent; perithecia 
subgregarious, 98-151 p in diameter; cells of the perithecial wall 8.6-16 p 
wide; appendages 6-12, rarely 4 or 15, shorter than ($), equaling, or 
slightly exceeding (1^) the diameter of the perithecium, short and long on 
the same perithecium, straight or usually slightly curved, somewhat undulat¬ 
ing or geniculate, closely uncinate and wider towards the apex, 7-8.5 p wide 
at the base, thin-walled above, thick-walled at the base, smooth; asei 4-10, 
ovate or ellipsoid, shortly stalked or not, 60-74 x 21-44 p; spores 6-8, rarely 
only 5, ovate or ovate-oblong, 20-24 x 10-13 p (commonly 20 x 11 p). 



Fig, 6. Microsphacra Rob briar, 2 appendages, 2 usci and 1 ascosporc. Fig. 7. Micro- 
ttpharra Blasti, 1 peritheeium, Fig. 8. Microxpharra Benzoin is, 1 perithecium. Fig. 9. 
Uncinvla yunnanensis, eonidiophore and 2 eonidia. Fig. 10. V tic inula Delavayi var. 
Cedrrlae , 2 perithecia. Fig. 11. Vncinula Delavayi , 2 perithecia (collection no. 5243) 
collected in 1939. Fig, l4* Vncinula Delavayi , 2 perithecia (collection no. 7056) collected 
in 1941. Fig. 13. Uncinulopsin polyeharla (on Purraria yunnancnxis), part of condiophore 
allowing the spirally twisted basal part, and 2 conidia. 
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According to Salmon the appendages of U. Dclavayi are “usually 
shorter than the diameter of the perithecium, rarely slightly exceeding it,” 
(Mem. Torrey Club 9: 118. 1900). The collections nos. 4118, 4119, 5242 and 
5243 were made in 1939, no. 7656 in 1941 in the same locality. These two 
gatherings differ, however, in the length of the appendage and the size of 
the perithecium. The appendages of the 1939 collections are mostly ecpial to 
or slightly longer than the diameter of the perithecium, rarely shorter (92- 
181 p long), and the perithecia are 98-132 p in diameter; whereas the 
appendages of the 1941 collection are mostly shorter than the diameter of 
the perithecium (71-146 p long) and the perithecia 100-151 p in diameter. 
These differences seem to be due to the effect of different climatic conditions 
in the two years, for the fall of 1941 was much drier than that of 1939. (Figs. 
11 , 12 .) 

In 1936 Vncinula Cedrclac on the same host plant collected in North 
China was described by the writer as new (Bull. Ch. Bot. Hoc. 2: 20. 1936) 
on the basis of its longer appendages, larger perithecia and spores. The type 
specimen of II. Cedrclac has been examined again and compared with the 
Yunnan collection. It has been found that there is some difference between 
them: the appendages of V. Cedrclac are from equaling to times the 
diameter of the perithecium, never shorter (114-310 p long) ; the perithecia 
and ascospores are larger. But in view of the observations made at Kunming 
as above mentioned on the effect of climatic conditions it seems best to make 
U. Cedrclac only a variety of V. Dclavayi , and its variety iiodulosac 1 is also 
hereby changed to V. Dclavayi var. nodulosae Tai, comb. nov. 

Uncinula Delavayi var. Cedrelae Tai, comb. nov. V. Cedrclac Tai, 
Bull. Ch. Bot. Hoc, 2: 20. 1936. 

On Cedrcla sinensis, Hopei: Sanfangshan, Oct. 20, 1034, L. Hhih 1086. (Fig. 10.) 


Uncinula Miyabei (Halm.) Saec. & Syd. 

On Cndrania fricuspidafa , Yunnan: Kunming, 6886; Ohcngkung, 7088. 

Amphigenons; mycelium persistent, effused or forming patches; peri¬ 
thecia gregarious to scattered, 94-111 p in diameter; appendages 8-20, 
shorter than or usually 1-1.5 times the diameter of the perithecium, genicu¬ 
late or flexuous, slightly enlarged toward the apex, thin-walled above, thick- 
walled at the base and rough, sometimes up to the apex, simply uncinate or 
loosely helicoid, hyaline; asci 3-7, broadly ovate to subglobose, 42-48x 
30-33 p, not or very shortly stalked ; spores 4-6, rarely 5, ellipsoid or oblong, 
19-25 x 11-13 p. 

Uncinula Salicis (DC.) Winter. V. mandshvrica Miura, Flora Manch. 
& E. Mongolia 3, Fungi. 1930. 

On Popitlus Simonii, Honan: Sunglisien, Wang 485a. On P. sp., Yunnan: Chichu- 
shan, Tali 4180. On Salix sp., Shensi: Nunwiitatahan, Sian, 8401. On S. Wallichiana , 
Yunnan: Kunming, 4120. 
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This species seems to be very variable in the size of the perithecium and 
the number of the appendage. Tlie Chinese forms usually have smaller peri- 
thecia (about 91-144 p in diameter) and fewer appendages (about 23-60, 
sometimes only 18-37). Occasionally, however, forms with comparatively 
larger perithecia or more numerous appendages have been encountered. For 
instance, the perithecia of the collection no. 4130 and Wang 185a are 114- 
171 p and 112-169p in diameter respectively. The fungus of the collection 
no. 4130 has 32 to 80 appendages, usually above 40, rarely only 24, and the 
Shensi plant 76 to 101. And in certain Chinese forms such as the latter there 
are only 6 to 8 asci in each perithecium. 

Uncinula mandsh urica Miura differs from U. Salic is mainly in the larger 
perithecium. In view of the fact that the size of the perithecium is very 
variable it seems proper to make U. mandsh urica a synonym of U, Salicis . 

Uncinula septata Salmon. U. curvispora llara, Mycologia 11: 80. 
1917. Unciuulelhi curvispora llara, Parasitic Fungi of Japan 133. 1936. 

On Qucrcus Fahri, Hr nan : Changsha, 4070. 

The writer studied authentic specimens of Uncinula curvispora from 
Japan (on Fag us juponica , Kawauyemura, Japan, August 1920, K. Haro) 
and has failed to find it distinct from U. septata . In 1917 Hara proposed a 
new genus, Asterothccia , to accommodate the fungus on Fagus because the 
perithecia turn over on their heads at maturity like those of Phyllactinia 
Corylea. In 1936 he changed the genus name to Uncinnlella putting em¬ 
phasis this time on the radially arranged cells of the perithecial wall. This 
kind of structure has been found by the present writer also in Typhnlochaeta 
and Uncinula Koelreuteriae. llara's genus is untenable. 

Uncinula Sengokui Salmon. 

On Celaslru* articulalus , Fukien: Sliaowu, Loh 10,861. 

The occurrence of this species in China was first reported by Miura from 
Liaoning on Celastrus articulatus. It has been collected again on the same 
host in the province of Fukien by Prof. Loh who has kindly sent the speci¬ 
mens to the writer for study. The characters of the fungus are as follows: 
ampnigenous; mycelium evanescent to subpersistent, effuse or forming 
patches; perithecia gregarious to scattered, depressed-globose, 106-162 p in 
diameter, mostly 119-125 p; cells of the perithecial wall 7-14 p wide; ap¬ 
pendages 11-30, shorter than, equaling, or slightly exceeding to 1J) the 
diameter of the perithecium, short and long on the same perithecium (89- 
157 p long, 7-8.5 p.wide at base), thick-walled below, straight or mostly 
curved, not or slightly enlarged upward, rarely flexuous at lower part, equa- 
torially inserted; asci 9-13, broadlv ovate or subglobose. verv shortIv stalked, 
43-47 x 30-36 p; spores 4-6, ellipsoid, 17-23 > 9-11 p. 

Uncinula sinensis Tai & Wei. 

On Sophora japonica , IIonan: Sunghsien, Wang 580. On V'Mallohut” sp., Kwei¬ 
chow: Moitan, C. IT. Path. Herb. No. 400. 
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The Meitan plant agrees closely with U . sinensis except that the asci are 
larger and the mycelium is persistent and dense: epiphyllous; mycelium per¬ 
sistent, dense, effused or forming patches; perithecia gregarious to scattered, 
cells of the peritliecial wall 11-14 p wide, 111-157 p in diameter; appendages 
9-28, shorter than (jO, equaling, or 1.5 times the diameter of the peri- 
thecium, slightly enlarged above but narrowed at the apex, thin-walled, 
slightly thicker and asperulate at the base, 6-7 p wide at the base, somewhat 
undulating; asci 5-8, ovoid to broadly ovate, 63-77 x 40-49 p, shortly stalked; 
spores 4-6, usually 5, ellipsoid or oblong, 26-27 x 13-16 p. 

U. sinensis seems to have a wide range of hosts; it has been reported on 
Acer, Sophora , and Rhus. 

Uncinula Verniciferae P. Menu. 

On Chionavlhus return (Oleacesie), Yunnan: Kumming, 7? S3. On Cot inns copy if rie., 
Honan : Chengpin, Wavy ;J55. 

The appendages of the plant on Chwmnthvs retusa are mostly enlarged 
at the upper one-third or one-half but always with narrowed apices. In the 
typical U. Verniciferae the appendages are usually not enlarged, but grad¬ 
ually narrowed upward from the lower two-thirds; some with enlarged mid¬ 
dle part or upper one-third, however, also occur. The fungus on Chionanthns 
is considered a form of V. Verniciferae: epiphyllous, rarely amphigenous; 
mycelium persistent, thick, effused; perithecia gregarious or densely gre¬ 
garious to scattered; cells of the perithecia! wall 11-19 p wide, 86-134 p in 
diameter; appendages 11-23, rarely only 9. shorter than or usually equal¬ 
ing to 1.5 times the diameter of the perithecium (85-167 p long), short and 
long on the same perithecium, enlarged upward, the broadest part 8.5-11 p 
wide, 6-7 p wide at the base, narrowed at the apex, loosely uncinate 1 or 
helicoid, thin-walled above, thick-walled and asperulate at lower half, nor 
or 1-septate at the base, the basal cell occasionally brown in color, straighl 
or slightly curved, sometimes flexuous or geniculate; asci 4-6, rarely 3 or 
9, broadly ovate or subglobose, 49-57 x 33-42 p, not or shortly stalked, 
6-8, rarely 5-spored; spores ellipsoid or ellipsoid-oblong, 17-20x8.5-11 p. 
(Fig. 5.) 

Uncinula carpinicola Ilara was originally described as a variety of V. 
gcniculata, the description qf which was translated and published in 1917 
by Tanaka (Mycologia 11: 80. 1917). In 1927 Hara raised his new variety 
to specific rank, and redescribed the fungus as follows (Hara, Diseases of 
Trees fin Japanese], p. 195. 1927) : amphigenous; mycelium thin, effused; 
perithecia gregarious or scattered, depressed-globose, averaging 100 p in 
diameter; cells of the peritliecial wall 7-15 p wide; appendages usually 15- 
17, slender, thin-walled, colorless, 2-4 times the diameter of the perithecium, 
geniculate at the middle, narrowed at the apex and helicoid; asci 5-10, 
obovate or elliptic, 40-45 x 30-35 p; spores 5-8, elliptic, ovate, or subglobose, 
18-25 x 10-12 p. In 1936 the present writer referred to l\ carpinicola a 
species of Uncinula collected on Uarpinus Turczauinovii by the late Mr. L. 
Shill in North China (Bull. Oh. Bot. Soc. 2: 19. 1936). That plant, however, 
differs from U. carpinicola in the more numerous and shorter appendages 
(19-49, usually 30; 1-1J times the diameter of the perithecium against 
16-20, usually 15-17, 2-4 times the diameter of the perithecium in U . car - 
pinicola) and the larger perithecium and asci. It accords rather closely with 
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the fungus on Chwminthus and is here also considered as a form of U. Verni- 
ciferae. V. carpinieola , being very close to the former, might prove to be 
identical on further study. 

Uncinula yunnanensis Tai. 

The conidial stage of U. yuvnancnsis has been observed to be as follows: 
amphigenous; mycelium persistent, forming patches; eonidiophorcs 3-celled, 
curved at the basal part, 26-40 x 7 p; conidia solitarv, oblong or cylindrical, 
30-33 x 11-13 p. (Fig. 9.) 

This species is very close to U. Ehretiae. except that the perithecium is 
much smaller. In the original diagnosis of the latter it was not clearly indi¬ 
cated whether the appendages are thin-walled and enlarged near the apex. 
Wei (Nank. Jour. 11: 107.1942) reported a form of V. Ehretiae on Bischofia 
trifoliata from Szechuan the perithecium of which is about the same size as 
that of the typical plant. The appendages of the Szechuan fungus are, how 
ever, slender at their apex, and thick-walled at the base. If this be the case 
in the typical V. Eliretiae , then the Yunnan plant should remain a distinct 
species, as its appendages are always enlarged near the apex and thin-walled 
throughout. U. yuwmnetms is tentatively kept separate from U. Ehretiae 
until the type of the latter is studied again. 

Keisslcr (Symb. Sin. 2: 21. 1937) suggested that V. Ehretiae might be 
identical with V. aspera of South Africa. The latter, however, differs from 
r. Ehretiae in the more numerous and much longer appendages. 

Uncinula Acalyphae Tai, sp. nov. 

On Acah/pha braclu/stachyx , Y inn an : Shiahan, Kunming, November 1938, F. L. Tai 
4133, type. JUiJ, 4133, 3^34, 7HOS and 8328; Szechuan: Oliengtu, Ling 131 . 

Amphigena; mycelio persistente effuso; peritheeiis gregariis, 94—144 p 
diametro; cellulis parietis exterioris 7-14 p latis; appendicibus 24-50, rarius 
8 vel 14, diametro ])erithecii 0.5-1 longis, membrana erassi, non vel 3-septatis, 
obscure brunneis, ad apicem non vel rare uncinatis; ascis 7-11, anguste vel 
late ovatis, 39-47 x 20-24 p, immaturis. 

Amphigenous; mycelium persistent, dense, effused; perithecia grega¬ 
rious, depressed-globose; cells of the perithecial wall 7-14 p wide, 94-144 p 
in diameter; appendages 24-50, usually over 20, rarely only 8 or 14, on the 
upper half of the perithecium, 0.5 to equaling the diameter of the peri¬ 
thecium, straight or slightly flexuous, thick-walled up to the apex, not or 
3-septate, dark brown, paler above, uniform in width, 4-6 p wide, sometimes 
slightly tapering toward the apex, straight or slightly curved and blunt at 
the apex, rarely uncinate or helicoid; asci 7-11, ovate, 39-47 x 20-24 p, im¬ 
mature. Conidiophore long and slender, 1-4-eelled, the basal cell 4-6 times 
longer than the other cells, 46-113 p up to 243 p long, 4.3-7.0 p wide; conidia 
solitary, ovoid or ellipsoid, 16-30 x 10-16 p (21 x 11 p), with granular con¬ 
tents. (Pig. 4.) 

Ascospores are not delimited on all the specimens so far collected even 
as late as in December nor on overwintered leaves. This species has appen- 
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dages similar to those oF U. sept at a but it has much smaller perithecia and 
its appendages are rarely uncinate. 

TTncinula necator (Schw.) Burr. 

On Vilis vinifera, Yunnan: Kunming, 4(W!K 

Only the conidial stage was collected: amphigenous, mycelium persistent, 
dense, effused or forming patches; conidiophores 1-3 celled, 74—143 x 7-8.5 p ; 
conidia solitary, oblong or ellipsoid, 29-39 x 13-18 p. 

Since 1935 many new species of Vficimtla have been described from 
China. In the key to Chinese species of V-ncinuUt in a previous publication 
(Bull. Ch. Bot. Soe. 1: 28. 1935), V. Accris and J\ Tulasnei were wrongly 
placed in the section with thin-walled appendages. That key is hereby cor¬ 
rected and revised to include new species published since them. 

KEY TO CHINESE SPECIES OF UNFIX TLA 

1. Appendages colored . .. . . 2 

Appendages colorless or only colored at base ... 5 

2. Appendages colored throughout the entire length, narrowed toward apex. 

U. aim lilans Salm. 

Appendages colored for only half of their length 3 

3. Appendages crowded on the upper half of the perithecium . 4 

Appendages not so; perithecia 70-128p in diam. V . necalor (Schw.) Burr. 

4. Perithecia 175-201 p in diameter; appendages uncinate at their apex. 

U. sept at a Salm. 

Perithecia 94—144 p in diameter ; appendages rarely uncinate at their apex. 

V. Acah/phaf Tai. 

5. Asci 2-3 sporod. . ?. 0 

Asci 8 or 4-8 spored . . 7 

0. Perithecia 85-115 p in diameter ; appendages thick-walled at base, close uncinate or 
helicoid at apex ... U. elandeslina Schroet. 

Perithecia 71-93 p in diameter; appendages thin-walled throughout, uniformly coiled 
twice at apex .. . . P. Krnjiana Homma. 

7. Asci 8 spored ... S 

Asci 4-8 spored . ... 12 

8. Appendages some or all bifid or multifid; spores 8, rarely (> 9 

Appendages not so; spores regularly 8. 11 

9. Mycelium densely compacted; appendages mostly simple V. Tulasnei FuckeJ. 

Mycelium not densely compacted; all or most of the appendages bifid or multifid 10 

10. Appendages 1-2 diehotomously branched; perithecia 120-225 p in diameter; asci 

4-12, 70-95 /45-55 p ... V. Acer is { PC.) Kacc. 

Appendages 2-3 diehotomously branched; perianth 232-313 p in diameter; asci 
14-34, 97-109 x 43-52 p . V. polyfida Wei. 

11. Appendages thin-walled throughout; perithecia 70—105 p in diameter. 

V. Fra.rini Mivabe. 

Appendages thick-walled at base; 5 perithecia 213-312 p in diameter. 

U. nanl’inensis Tai. 

12. Appendages stout, 7 -8 p wide at the base . .13 

Appendages narrower at the base. . 18 

13. Appendages thin-walled, 11-32; perithecia 92-143 p in diameter. 

U . sinensis Tai et Wei. 

Appendages thick-walled at base. 14 

5 When the wall is more than twice tin* thickness of the wall above. 
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14. Appendages with colored bulbous base . U. bulbo&a (Tai et Wei) Tai. 

Appendages not so ... 15 

15. Appendages 4-12, enlarged upward . 36 

Appendages 20-56, not or slightly enlarged upward . U. Scngokui Balm. 

16. Appendages regularly nodulose . V, Delavayi var. nodulosae Tai. 

Appendages not or occasionally nodulose . .37 

17. Appendages shorter than or equaling the diameter of the peritheeium, rarely slightly 

exceeding; peritheeium smaller . V. Delavayi Pat. 

Appendages 1-2J times the diameter of the peritheeium; peritheeium larger. 

V. Delavayi var. Cedrelac Tai. 

18. Appendages thin-walled . ... 39 

Appendages thick-walled at base . . 22 

19. Perithecia 85-175 p, in diameter; appendages 10-150 ... . 20 

Perithecia 70-90 pin diameter; appendages 2-9 . . V. yunnanensis Tai. 

20. Appendages 10-27, narrowed upward; asci 3-5 U. anstrdliana MacAlpine. 

Appendages 30-150, slightly enlarged upward; asci 6-14 .. . 21 

21. Appendages swollen in places; asci 6-8, 47-54 v 31-35 p. 

U. Salieis-gracilistylae Homma. 
Appendages not swollen in places; asci 8-14, 55-80x 30—40 p. 

V. Salicis (DC.) Winter. 

22. Appendages 4-8, shorter than the diameter of the peritheeium 77. Ehretiae Keissl. 

Appendages 6-48, equaling to 2 times the diameter of the peritheeium . . 23 

23. Appendages narrowed at apex . .. . 24 

Appendages enlarged upward or slightly so, not narrowed at apex * 25 

24. Asci 6-8 spored, rarelv 5; spores 15-29 x 8.5-19 p V. Vernieiferae P. Henn. 

Asci 4—5 spored, sometimes 3 or 6; spores 27-35 v 14-19 p U, Mori Miyake. 

25. Appendages more or less angularly bent, not swollen at apex . 26 

Appendages straight or often more or less undulating, not angularly bent, swollen at 

apex . . Z7. Clintonii Peck. 

26. Appendages 6-13; asci 50-71 > 38-56 p l\ Miyabei var. Aleuritis Wei. 

Appendages 10-22(48) ; asci 48-59 *32-41 p V. Miyabei (Salm.) Sacc. et Syd. 

Typhulochaeta Koelreuteriae (Miyake) Tai, comb. liov. Vncinula 
Racin'liter ia v Miyake, Bot. Mag. Tokyo 27: 39. 1913. Erysiphe Koel- 
mtteriae (Miyake) Tai, Bull. Ch. But. Hoc. 2: 16. 1936, 

On Korlmiieria bipinnala , Honan: Chengpin, Wang 104. 

In the classification of the Erysiphaceae all the students of the group up 
to the present day, following Leveillo, separate the genera on the basis of 
the characters of the appendage and the number of asci. On the discovery 
of endophytic mycelium in Leveillula taurica by Salmon in 1906, and in 
Vncinulopsis xubxpiralix by Sawada in 1916, it is clear that the characters 
of the appendage alone an* not dependable for differentiating genera. Be¬ 
sides the true appendages, there occur in certain species (Phyllactinia Corylea 
and tfncinula bnlboxa) gelatinous penicillate cells on the upper part of 
the peritheeium; whereas in other species (Typhulochaeta japonica and 
Vncinula Koelreuteriae) only the penicillate cells are present. If the char¬ 
acters of these penicillate cells are constant and are correlated with other 
constant morphological characters, there is no reason why they should not 
be used as criteria for distinguishing genera. I to and Kara established the 
genus Typhulochaeta (Bot. Mag. Tokyo 29: 20. 1915) mainly on the gela- 
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tinous clavate penicillate cells of their T. japonica. Miyake, on the other 
hand, referred the powdery mildew collected by him at Nankow, China, on 
Koelreuteria bipinnata to the genus Uncinula as U. Koelreuteriae because 
some of the penicillate cells are uncinate at their apex. After a careful study 
of the latter fungus at Peiping, the present writer found that the gelatinous 
cells occurring on the upper half of the perithecium are similar to the peni¬ 
cillate cells of Phyttactinia Corylea, but not comparable in any way to the 
true non-gelatinous appendages of Uncinula. He therefore referred this 
species to the genus Erysiphe, since perithecia with obsolete appendages are 
not rare in that genus. Clements and Shear (Genera of Fungi 249. 1931) 
and Wei (Nank. Jour. 11: 3. 1942) did the same thing by transferring 
Typhulochaeta japonica to Erysiphe . 

T. japoniea was recently collected in this country at Kwanhsien ♦ 
Szechuan (Nank. Jour. 11: 3. 1942). Through the kindness of Dr. C. T. Wei 
the writer had the opportunity to make a careful study of that species, and 
found that it shows close affinity with the fungus on Koelreuteria. Both of 
them lack the true appendages and have a peritheeial wall of small cells, 
4-11 n wide. The cells are mostly oblong in shape and are more or less 
radiately arranged with the smallest cells at the apex and the base, and the 
largest at the equator. In none of the species of Erysiphe has this kind of 
arrangement of the cells of the peritheeial ever been observed nor has the 
presence of penicillate cells been reported. Although the peritheeial wall of 
Uncinula septala also consists of radiately arranged cells, yet the regular 
uncinate appendages are present. In view of these it seems that for the 
present the genus Typhulochaeta had better be maintained and that the 
proper disposal of the fungus on Koelreuteria is to transfer it to that genus. 

Typhulochaeta japonica Ito et Kara. Erysiphe japoniea (Tto et 
Hara) Clements & Shear, Gen. Fungi 249. 1931. Erysiphe japonica (Ito 
et Hara) Wei, Nank. Jour. 11 l3. 1942. 

On Quercus Baroni Szechuan: Kwanhsien, Wei HISS. On Q. alicnta, Szechuan: 
Kwanhsien, 8.P.A.I.I. 182. On Q. sp.,« Szechuan: Kwanhsien, Wei HI90. 

The writer found that the spore number of this species is usually 8, 
rarely 6 or 7. The apical septate and light brown appendages as mentioned 
by Wei at the top of the perithecium were not observed by the writer. 

Uncinulopsis polychaeta (B. & C.) Homma emend. Wei. Uncinula 
polychaeta (B. & C.) Ellis, Jour. Myc. 2: 43. 1886. Uncinula Shiraiana P. 
Hennings, Engl. Jahrb. 29: 148. 1900. Phyttactinia Corylea var. subspiralis 
Salmon, Ann. Myc. 3: 501. 1905. Phyttactinia subspiralis Sawada, Agr. 
Exp. Sta. Sp. Bull. 9, 1914. Uncinulopsis Shiraiana (P. Henn.) Hara, 


o These host plants are identified in Wei's paper as Castanopsis sp. 
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Jour. Plant Protection 7 (5). 1920. Phyllactinia subspiralis (Salm.) 
Blumer, Beitr. Kryptogamenfl. Schweiz 7: 399. 1933. 

On Celtis pnensis, Yunnan: Kunming, 4124, 7830; Hualing, 4123; I-Liang, 4127; 
Taehwang, 4lfiG; Mt*ngtze, 4125; Chengkiang, 4123; Kwangsi*. I-Bhan, C. IJ. Path. Herb. 
No. 96. On Campylotropis polyanlha, Yunnan: Kunming, 7552. On Pueraria yunnanensis, 
Yunnan: Kunming, 72(10, 6887. 

The fungus on Celtis wafc described as new by P. Hennings in 1900 under 
the name of Uncimila Shiraiana. It is very close to U . polychaeta except 
that the asci of the latter are usually 2-spored. Salmon (Bull. Torrey Club 
27: 439. 1900) considered V. Shiraiana as a synonym of the latter, stating 
that althougn the asci of Chinese and Japanese specimens are usually 
3-spored, sometimes 2- or 4- or very rarely 5-spored, the occurrence of 3 
or 4 spores in the asciis in some American specimens has also been reported 
by Tracy and Galloway. 

A conidial stage of powdery mildew on Da I b erg i a Sissoo with spindly 
twisted basal part of the conidiophore was discovered in India in 1905 and 
described by Salmon as a new variety of Phyllactinia Corylea, var. sub- 
spiralis . Basing their disposition on conidial stage only, Sawada in 1914 
and Blumer in 1933 raised this variety to specific rank. In 1916 Saw T ada 
discovered endophytic mycelium in the fungus on Celtis and also its conidial 
stage of the subspiralis type. He then created a new genus, Uncinulopsis, 
to accommodate that fungus and changed Phyllactinia subspiralis to 
Uncinulopsis subspiralis . This name was subsequently again changed to 
U. Shiraiana by Hara since P. Hennings’ name is the earliest applied to 
the perithecial stage of the said fungus. Honnna (Jour. Fac. Agr. Hokkaido 
Imp. Univ. 38: 183-461. 1937) transferred line inula polychaeta to the genus 
Uncinulopsis , but considered it distinct from U. Shiraiana . Wei (Nank. Jour. 
11: 10. 1942), being unaware of this new combination, again transferred 
Uncinula polychaeta to Uncinulopsis, including in it the fungus on Celtis. 

Conidial stage of powdery mildews of the subspiralis type on Pueraria 
yunnanensis and Campylotropis polyantha has been collected by the writer 
at Kunming. These host plants have been under observation for two years 
but no peritheeia have ever been produced on them, although the fungus 
on Celtis nearby produces peritheeia in great abundance. Then the writer 
undertook to compare the conidial stage on Pueraria and Campylotropis 
with that on Celtis to see whether or not they are different. The fungus on 
Pueraria and Campylotropis shows the following characters: hypophyllous; 
mycelium persistent, effused or forming patches; conidiophore 2-4-celled, 
loosely spirally twisted at the lower part, hyaline, 127-183 x 6-8.6 p; conidia 
various in shape, clavate, subeylindrical, fusiform, 51-81 x 16-20(26) p 
(broadest part). The conidiophore of the fungus on Celtis is 2-5-celled and 
measures 120-217 x 7 p; the conidia 57-75 x 14-20 p. From these measure- 



128 


BULLETIN OF THE TORREY CLUB 


[Vol. 73 


ments it is dear that morphologically the conidial stage of the powdery 
mildew on Celt is does not differ from that of the fungus on Pueraria and 
Campylotropis . The fact that the latter does not produce perithecia is due 
to unknown factors. There are not lacking examples such as Erysiphe 
Cichoracearum which rarely produces perithecia on Cucurbitaceae. Although 
measurements of eonidia and conidiophore were not given by Salmon in 
his diagnosis of the variety subspiral is , yet according to the scale of his 
illustrations the eonidia and conidiophores are about of the same size as 
those on Celtis , Pueraria , and Campylotropis . (Fig. 13.) 

Leveilltjla taurica (Lev.) Arn. 

On Meinwardtin trigyne, Yunnan: Kunming, 7224, 7 960. On Tropaeolinn majus , 
Yunnan: Kunming, 8492. 

Hypophyllous; mycelium persistent, forming definite patches; conidio¬ 
phores 3-5-celled, 7-9 p wide, branched; eonidia obclavate to subcylindrical, 
hyaline, 49-90 x 36-18 p. The eonidia of these forms are slightly longer and 
broader than those usually recorded for this species. 

Phyllactinia Corylea (Pers.) Karst. 

On Ailanthus altissima, Hunan: Yolushan, Ch;mgshn, 4081. On Alan gin m platan i - 
folium , Szechuan: Chengtu, 7773. On Alnns ne pal crisis. Yunnan: Kunming, 7223. 
On A. cremastogyne, Szechuan: Chengtu, 5302. On Broussonctia sp., Hunan: Hwanhsien, 
4086. On Caesalpinia sepiaria, Yunnan: Kunming. 8303. On Costarica mollissima , 
Yunnan : Chengkung, 4093; Kweichow: Meitan, 7825; K wanotung : Canton, 4092. On 
Cedrela sinensis, Yunnan: Kunming, 7212. On Diospyrns Kal i, Yunnan: Siiamvei, 8025; 
Kunming, 5256. On I). lotus, Yunnan: Kunming, 7239, 8077; Chengkiang, 4094. On 
Lindera s p., Hunan: Hengslian, 4o8o. On Morns alba , Yunnan: Kunming, 7491 , 4088; 
Kutsing, 8013; Ohengkiang, 4089; Kweichow: Meitan, 7823, 7938; Hunan: Yolushan, 
Changsha, 4087 ; Kwangtung: Canton, 4090. On M. australis , Yunnan: Kunming, 5259, 
8076. On Pt crocary a stenoptera , Kweichow: Meitan, 7939; Szechuan: Chengtu, 5306. 
On Principia utilis, Yunnan: Kunming, 8153. On Pyrus pasha, Yunnan: Kunming, 
4085, 7573. On P. serotina, Yttnnan: Kunming, 7253. On Qncrcus alienta , Kweichow: 
Meitan, 7937; Hunan: Hangshan, 4084. 

i 

Phyllactinia Salmonii Bl umer. 

On Paulownia foment osa , Szechuan: Chingtan, Dec. (>, 1939, C. T. Wei . On Actinidia 
chincnsis, Hunan: Hengslian, 4083. On A. Ian at a, Kwangsi*. Sankianghaion, Chco 2926. 
On A. sp., Kwangsi: Sankianghsien, Chco 2934. 

Hypophyllous or rarely amphigenous; mycelium evanescent to subper- 
sistent, effused or forming patches; perithecia subgregarious to scattered; 
cells of the perithecia! wall obscure, 312-393 p in diameter; appendages 
11-26, slightly exceeding to 1.5 times the diameter of the peritliecium, 362- 
518 p long, brownish, subhyaline or hyaline; asci 20-24, ovate, ellipsoid, 
or oblong, with a short stalk, 93-114 x 31-48 p, 2-spored; spores broadly 
ovate, 4U-46 x 21-24 p. 

The diagnosis of Phyllactinia Salmonii as published by Blumer was 
based on the fungus on Paulownia imperiaiis from Japan. In regard to the 
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size of peritheeium this form is quite isolated from the others of Phyllactinia 
Corylea , the diameter of the peritheeium of which reaches only to 288 p. 
In addition, the large size of this plant is correlated with a large number 
of appendages. The form on species of Actinidia collected in this country 
also shows the same characters as that on Paulownia . In the writer’s opinion 
Phyll actinia Sahnonii is a good species. 

Phyllactinia imperial is Mivabe is given as the name for the fungus on 
Paulownia impcrialis in Hara’s “Parasitic Fungi of Japan” (p. 138. 1936); 
when and where that name was published are not indicated in that book; 
as far as the writer is aware that name has not been effectively published. 

Oidium Link. 

On AUUara rosea, Yunnan : Kunming, S493. 

Amphigenous, chiefly epiphyllous; mycel ium subpersistent, forming 
patches; conidiophores perpendicular to the hyphae, 3-celled, 8.3-10 p wide; 
conidia elli})tic, oblong or cylindrical, 31-43 x 13-18 p. 

Oil A rt< mist a Siereriana , Yunnan : Kunming, 4 WO. 

On Berbcris Wilsovne, Yunnan: Kunming, 4104. 

Amphigenous, mainly epiphyllous. mycelium persistent, effused; conidio- 
jihores perpendicular to the hyphae, 1-5-celled, usually 3-celled, 90-113 
v 7-9 p; conidia solitarv, sometimes in chains, oblong or cvlindrical, 26-49 
x 10-15 p. 

On Castanca mollisstma , Yunnan: Kunming, (S45S. 

On Cucurbita $q>., Yunnan: Kunming, 7S41. 

On F rax in tut chiton sis, Yunnan: Kunming, 76'01. 7954. 

On 7 ,ayerstrot'inia indica , Yunnan: Kunming, 4106 , 7774, 7007, 79/71. 

Amphigenous and caulieolous; mycelium thick, effused, doing great dam¬ 
age to young shoots; conidiophores 2-6-celled, commonly 3, 69-89x7-10 p; 
conidia solitary, oblong or cylindrical, 24-39 x 11-16 p (Uncinula aus¬ 
tral iana f). 

On Leucas ciitala , Yunnan: Kunming, 7!US. 

On Lipustrum lucid nm , Yunnan: Kunming, 410 S. 54 S 0 . 

On Lye him chincnse , Yunnan: Kunming, 547 S. 

On Lycopcndnun escidrnlnm , Yunnan: Kunming, 7950. 

Conidiophores 3-eel led, 41-71 x 7-8.6 p; eonidia ovoid or ovate-oblong, 
31-41 x 14-16 p. 

On Malva rcrticillata , Yunnan: Kunming, 4104, 5479. 

On Me dica go so lira. Yunnan: Tacliwang, 4140. 

Amphigenous; mycelium persistent, effused; conidiophores perpendicu¬ 
lar to the hyphae, 68-88 x 5.7-7.1 p; eonidia oblong or cylindrical, 27-34 
x 10-14 p (Erysiphc Polygoni*!). 

On Mirabitis Jalapa, Yunnan: Kunming, 4107, 54S5 , 54S9. 

On Momordica charantia , Yunnan: Tali, 414S. 
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On Oxalis corniculata, Yunnan : Kunming, 4105. 

OnPanax pseudo-ginseng, Yunnan: Wenshan, 8494. 

Amphigenous; mycelium persistent, forming definite patches; conidio- 
phores 3-celled, 50-87 x 6.4-10 p; conidia solitary, oblong, 33-37 x 13-17 p. 

On Quercus sp., Yunnan: Kunming, 7833. 

On Robinia pseudo-acacia, Yunnan: Kunming, 4402. 

On Bubia oncotrica, Yunnan: Kunming, 7954. 

On Siegsbeckia orient alls, Y itnnan : Kunming, 7949. 

On Sonchus olcracea , Yunnan: Kunming, 7955. 

On Sophora japonica, Yitnnan: Kunming, <W,9J. 

Epiphyllous; mycelium persistent, effused, web-like, radiating from cen¬ 
ters; conidiophores 3-celled, 69—74 x 8.6—10 p; conidia solitary ellipsoid, 
26-34 x 14-20 p. 

On Sophora viciifolia , Yunnan: Kunming, 5251, 5252, 8032. 

Amphigenous, mainly epiphyllous; mycelium dense and effused; conidio- 
phore 3-celled, 33-84 x 7.1-8.6 p; conidia solitary, ellipsoid-oblong to sub- 
cylindrical, 31-38 x 13-14 p. 

On Vrena lobata, Yunnan: Chengkiang, 4097. 

On Urtica angustifolia var. abbreviata , Yunnan: Kunming, 7953. 

On Vicia unijvga , Yunnan: Kunming, 5248, 5249. 

On Vigna sinensis, Yunnan: Kunming, 8490. 

Amphigenous, mainly epiphyllous; mycelium persistent, forming 
patches; conidiophore 2-3-celled, 70-80 x 13-14 p; conidia in chains, ovoid 
with fibrosin bodies, 31-46 x 19-21 p. 

SUMMARY 

A careful comparative study has been made of available collections of 
most of the species of the Erysipkaeoae so far reported from China, and it 
has been found that it seems # advisable to keep the collective species: 
Erysiphc Cichoracearum , E. Polygoni , and Microsphacra Alni aa emended 
by Salmon. Climatic conditions have been found to affect morphological 
characters in Vncinula Delavayi at Kunming. As a result of this study 
several species have been reduced to synonymy. Urteinula Kodrcuteriac has 
been transferred to the genus Typhulochacta. One variety of Erysiphc , two 
species of Microsphacra and one variety and one species of Uncinula are 
described as new. 

Tsing Hua University 
Kunming, Yunnan 
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NOTEWORTHY PLANTS OF TEXAS—V. ADDITIONAL 

PSORALEAE 

B. C. Tharp and Fred A. Barkley 

One species and two varieties of Psoralidium and one species of Parosela 
section Pogonathemv occurring: in Texas seem to be undescribed. 

Psoralidium Youngiae 1 Tharp & Barkley, sp. nov. Herba perennis; 
caulibus simplicibus subter, ramosis supra, 5-9 dm. altis, canescentibus, stri- 
gosis; foliis digitatis, 3-5-foliolatis stipulis lanceolatis, acuminatis, glabris 
nisi longis-ciliolatis, glandulosis, 1 mm. longis, persistentibus; petiolis 1-2 
cm. longis, canescentibus; foliolis 1-3 cm. longis, 3-8 mm. latis, latis-ob- 
lanceolatis, glandulosis-punctatis, subglabris nisi ad midvenos supra, subtus 
canescentibus; pedunculis 4-6 cm. longis; racemis 4-6 cm. longis, floribus 
multis; bracteis deltoideis-laneeolatis, acuminatis, 1.5-3 mm. longis, glarnlu- 

1 Marv Sophie Young, daughter of Emma Adams Sainer and Charles Huntington 
Y'oung, was born in September, 1872, at Glendale, Ohio, the youngest child and only 
daughter in a family of eight children of an Episcopal minister. She was reared at Glen¬ 
dale, Washington, and Gainbin, Ohio. After graduation from Harcourt Place Seminary at 
Gambin, Ohio, in 1891, she attended Wellesley College until 1895 when she received her 
A.B. degree. From 1895 to 1897 she was an instructor in Louis Academy at Sullivan, Mis¬ 
souri; from 1897 to 1898 at Dundee (Illinois) High School; from 1898 to 1906 at Grafton 
Hall, Fond du-Lac, Wisconsin; and at Waterman Hall, Sycamore, Illinois, during 1907- 
1908. In 1900 she began graduate work at the University of Chicago during the summer, 
and in 1906-1907 spent the year there, receiving the S.M. degree. From 1908 to 1910 she 
continued graduate study then*, doing work on the morphology of' the Podocarpineae which 
was published in the Botanical Gazette (50: 81-100. 1910). She received the Ph.T). degree 
in 1910. In the fall of 1910 she came to the University of Texas as a tutor, became an 
instructor in 1911 ami continued in that capacity until her death on March 5, 1919. 

A tine teacher and of generous disposition she soon became one of the inspiring teach¬ 
ers at the University of Texas. Her thoughtfulness and understanding of students was 
outstanding so that she is still affectionately remembered by them as an example of what 
tin* relationship between student and instructor should be. 

Coming to the University of Texas when she did she found knowledge of the flora 
of west Texas very fragmentary, so that the end of tlxe spring semester usually found her 
alighting from a train in west Texas, accompanied by a student or not, buying a spring 
wagon, a team of burros, and supplies, and heading into the inaccessible portions of that 
area, to reappear .just before the opening of the fall semester loaded down with plants from 
the botanieally unknown canons, plains, and mountains. In her short career in the state 
she established the Herbarium of the University of Texas as a going concern, and left a 
contribution of exceptionally valuable specimens, duplicates of which were distributed to 
several of the larger American herbaria. She enigmatically distributed specimens as having 
been collected by “M. S. Young, ” and was pleased at having acknowledgements addressed 
to her as 1 i Dear Sir. * ’ 

She kept interesting daily accounts of her several collecting trips, which arc deposited 
in the botanical library of the University of Texas. These embody graphic and often hu¬ 
morous accounts of the conditions and experiences encountered in her field work. In a com¬ 
paratively short career in Texas few people have so inspired a younger generation of work- 
ors, or have left so much in the way of valuable permanent scientific data.—University of 
Texas Herbarium Biographical Sketch YIIT. B. C. Thai]) & Fred A. Barkley. 
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losis, sparse strigosis, dense eiliolatis; pedicelis 1-2 nun. longis, longe-hir- 
sutis; calyce 2 mm. longo, gJanduloso; lobis subaequalibus, deltoideis, acutis, 
dense eiliolatis; corolla caerulea, circa 6 mm. Jonga; vexilla suborbiculari; 
leguminibus ovatis, proboscide abbreviato. 

A perennial with creeping rootstock; stem simple below', branched above 
4-9 dm. high, silvery-eanescent, strigose, striate, not glandular-dotted ; leaves 
digitately 5-foliolate below, 3-foliolate above; stipules lanceolate, acuminate, 
glabrous except long-ciliolate, glandular, 1 mm. long, persistent; petioles 1-2 
cm. long, striate, canescent; leaflets 1-3 cm. long, 3-8 mm. broad, obovate to 
broadly oblanceolate, rounded to subacute, glandular-dotted on both sur¬ 
faces, subglabrous except on the midnerve above, mucro minute, obscured by 
a tuft of hairs; petiolules about 1 mm. long, densely canescent; peduncles 
4-6 cm. long, canescent; racemes 4-6 cm. long, many-flowered; flowers 2-4 
at each node; bracts deltoid-lanceolate, acuminate, 1.5-3 mm. long, glandu¬ 
lar, sparsely strigose, densely ciliolate with very long hairs; pedicels 1-2 mm. 
long, long hirsute; calyx 2 mm. long, dark colored, glandular, subglabrous 
and strigose-canescent in lines; lobes subequal, deltoid, acute, shorter than 
the tube, densely ciliolate; corolla blue, about 6 mm. long; banner suborbieu- 
lar; pod ovoid, glabrous, glandular dotted, with short erect beak. 

Type: Midfield, Texas, April 7, 1939 (II), B . C. Tharp s.n. in the Uni¬ 
versity of Texas Herbarium. 

This species is closely allied to P. floribnndum (Nutt.) Rydb., P. tnnti- 
florum (Pursh) Rydb. and P. obtusilobum (T. & G.) Rydb. in general aspect. 
It is more densely canescent, the inflorescence more compact, the eiliation of 
the calyx-lobes is shorter and denser, the pedicel is shorter than the calyx, 
and the bracts are shorter and broader. 

Besides the typical variety, Psoralidium linearifolium (T. & U.) Rydb. 
is represented in Texas by two varieties: 

Psoralidium lineari folium var. palodurensis Tharp & Barkley, var. now 
Varietas speeiei similis exceptis bracteis laneeolatis, acutis, ealyeis lobis sub- 
acuminatis, floribus majoribus et longius pubescentibus. 

Perennial; 4-8 dm. high, striate, with long slender branches; branches 
sparingly glandular-dotted, sparingly strigose with long white hairs; leaves 
short-petioled; leaflets 1-3, very short petiolulate, glabrous above, strigose 
below, glandular-dotted above and below, 3-6 cm. long, 2-3.5 mm. broad; 
flowers in loose racemes, pedicels slender, 1-1.5 cm. long, bracts lanceolate, 
acute, glandular-dotted, strigose, 3-5 mm. long, petals 10 mm. long; calyx 
6 mm. long, 2.5 mm, broad, strigose, glandular-punctate, calyx lobes densely 
long-ciliolate, lanceolate, subacuminate. 

Type: Palo Duro Canyon, Texas, June 15, 1929, B. C. Tharp 5767 in the 
University of Texas Herbarium. 

Psoralidium lincarifolium var. texensis Tharp & Barkley, var. nov. 
Varietas speeiei similis exceptis bracteis ovatis, cordatis, calyce obliquo et 
glandulosissimo, ealyeis lobis subacutis. 

Perennial, 4-8 din. high, striate, with long slender branches; branches 
sparingly glandular dotted, strigose; leaves subsessile; leaflets 3-3, very 
short petiolulate, glabrous above, strigose below, glandular-punctate above 
and below, 2-5 cm. Jong, 2-4.5 mm. broad; flowers in loose racemes, pedicels 
slender, 6-9 mm. long; bracts deltoid-ovate, cordate, acute, glandular-dotted, 
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strigose, 1-2 mm. lon«r; petals 8 mm. long; calyx 3.5 mm. long, 2 mm. broad, 
sparsely strigose, densely glandular-punctate, calyx lobes subacute, glabrous 
except margin densely short-cilioJate. 

Type : Sherman Lake, Grayson County, Texas, June 15,1939, B. C. Tharp 
s.n. in the University of Texas Herbarium. 

This is the common variety in Texas, although the typical variety enters 
the state in the northeast corner. 

Parosela Walkerae 2 Tharp & Barkley, sp. nov. Herba perennis; radici- 
bus ligneis; eaudice ligneo, brevi; oaulibus 1-2 dm. altis, gracilibus, sparse 
minute pubescentibus, sparse glandulosis; foliis 5-25 mm. longis; foliolis 
3-11, oblanceoiatis, 3-7 mm. longis, glabris; pedunculis circa 2 cm. longa; 
spicis laxis, 4-5 cm. longis; bracteis late ovatis; longe aeuminatis, subter 
conspicue glanduloso-punctatis, margine plus minusve scarioso; calycis tubo 
late turbinato, circa 2.5 mm. longo, sericeo; calycis lobis 2.5 mm. longis, subu- 
latis, ad basim triangularibus; corolla purpurea. 

A perennial, with a woody root and short caudex; stems 1-2 dm. high, 
slender, microscopically sparsely puberulent; sparsely glandular; leaves 

O. 5-2.5 cm. long; stipules subulate, 2 mm. long; rachis margined, glabrous, 
sparsely glandular-dotted; leaflets 3-11, oblanceolate, broadly cuneate at 
base, rounded at apex, 3-7 mm. long, glabrous, very sparingly glandular 
dotted; spikes lax, 4-5 cm. long; bracts broadly ovate, Jong-acuminate, con¬ 
spicuously glandular-dotted on the back, somewhat scarious margined; calyx 
tube broadly turbinate, about 2.5 mm. long, silky-villous; lobes 2.5 mm. long, 
abruptly subulate from a triangular base; corolla deep purple; pod sparsely 
villous above, densely long villous on the margins. 

Type: La Joya, Hildalgo County, February 2, 1942, Mrs. E. J. Walker 
s.n. , in the University of Texas Herbarium. 

The inflorescence of P. Walkerae is lax and interrupted much as it is in 

P. enneandra (Nutt.) Britt, but the corolla is a deep purple. The habit, calyx 
and bract are most similar to that of P. pogonothera (A. Gray) Vail. The 
calyx-lobes are abruptly subulate and about the length of the calvx-tube as 
contrasted with the larger calyx of P. pogonaihera, whose abruptly subulate 
calvx-lobes are from one and one-half times to twice as long as the tube. 
P. lasianihcra (A. Gray) A. Heller has calyx-lobes broad at the base, gradu¬ 
ally tapering to subulate tips, the lobes much shorter than the tube. 

The Herbarium, Department of Botany and Bacteriology, 
University of Texas 
Austin, Texas 

2 Thelma, daughter of Mr. & Mrs. E. I). Ratcliff, born at Kingman, Indiana, on 
December 20, 190S, married E. J. Walker on April 24, 1930. In 1909 moved to the Rio 
Grande Valley (Starr County, Texas) where she lived until she married except for the 
first four grades of school at McAllen. Her home is now at La Joya. Since 1933 she has 
collected many specimens of flowering plants which have gone into the S. M. Tracy Her¬ 
barium, The Gray Herbarium of Harvard University, and the University of Texas Her¬ 
barium. Her color portraits of native flowers show unusual skill in technical painting. She 
is eminently deserving of recognition for the many interesting plants and extensions of 
range which her collections in the Rio Grande Area have made available for study.—Uni¬ 
versity of Texas Herbarium Biographical Sketch IX. B. C. Tharp & Fred A. Barkley. 
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TYPES OF ANTHESIS IN HEMEROCALLIS AND THEIR 
HEREDITY IN F x HYBRIDS 

A. B. Stout 

It has been recognized and discussed at some length (Stout 1933; 1934) 
that in species of Hemerocallis there are three main types of anthesis: (1) 
the diurnal or day-blooming, (2) the nocturnal or night-blooming, and (3) 
the extended blooming. For some time it has been evident to the writer that 
there are further distinctions in the periods of anthesis of the sets of flowers 
of dayiilies and that special methods in the analysis, description and repre¬ 
sentation of the time-intervals of anthesis are desirable in respect to evalu¬ 
ations (a) of the antheses of the successive sels of flowers under different 
conditions of weather, (b) of the behavior that can be considered character¬ 
istic of species and hybrids, and (c) of the heredity of the different types of 
anthesis in hybridization. It is to be noted that this paper is primarily con¬ 
cerned with the nature and character of anthesis and not with the calendar 
dates or season when flowering occurs. 

METHODS OF OBTAINING AND PRESENTING DATA 

In dayiilies an individual flower is open during only one period, in the 
condition known as anthesis. The many flowers of a plant mature in a 
rhythmic succession of groups or sets and the flowers of each set have 
antheses that are synchronous. One may obtain data for an entire set ot* 
flowers and speak of the collective antheses as the anthesis of the set. When 
two or more individuals, especially of a species or of a progeny of known 
parentage, are uniform in flower behavior, or nearly so, their synchronized 
antheses may be treated collectively as an anthesis of the entire group. Also 
the data for different antheses during an entire period of flowering may be 
combined in ways that provide an evaluation of the fundamental character 
of what may be called the anthesis of an individual, a clone, a group of sister 
hybrids, or a population of a species. 

In collecting the data here reported it was the aim to make observations 
on each individual or each group of plants at intervals of not more than 
three hours during the entire period of the anthesis of a single set of flowers 
and to obtain such data from a number of different sets during the season of 
flowering. To facilitate the collection of the data during the night several 
scapes were cut in the late afternoon of plants growing in the experimental 
garden at The New York Botanical Garden. These were put in pails with the 
stems in water and transported by auto to the author’s home where they were 

134 



mr>] 


STOUT: HEMEROCALLIS 


133 


placed on an open veranda. Under careful handling: the flowers of such 
scapes closed or opened witli normal regularity for observations between 
6:00 P.M. of that evening and 6:00 A.M. of the next morning. Usually the 
flower behavior was then observed for the same plants in the experimental 
plots not later than 9: 00 A.M. Flowers, in considerable number, of each set 
were labeled with marking tags of different colors and numbers in a way that 
made certain the identification and the records of successive sets of flowers. 
This procedure was especially necessary when there was overlap of sets, 
interpolation of a set, or a delay in the development and anthesis of a set of 
flowers. Unless otherwise stated all of the data presented in this paper 
including that of the figures were collected during 1941. 

Anthograms. 1 The diagrams shown in the figures aeompanying this 
article were devised by the writer to present graphically the essential fea¬ 
tures of the different types of antheses in Hnnerocallis. 

The data for the anthesis of any single set of flowers produced by an indi¬ 
vidual or by two or more individuals that are reasonably uniform may be 
used in constructing a diagram which may be called an s-anthogram . Such 
diagrams may be oriented in a chart according to the clock hours of daylight 
and darkness. Then the base line of an s-anthogram indicates the time-inter¬ 
val between tin* beginning of anthesis and its conclusion, and the upper line 
of the diagram indicates the time-interval during which the flowers were 
fully open. In figure 1 the entire body of the s-anthograins is blocked solidly 
in bla<*k, but in figures 2 and 3 the s-anthograms are much flattened. 

The data for any number of antheses of an individual plant or of a num¬ 
ber of plants which have the same or very similar flowering behavior may 
be combined and represented in a composite diagram here designated a 
c-anthogram. Such a diagram (see figures 1 and 4) indicates the extremes in 
the time of opening and closing of all sets of floors that were observed on 
an individual plant, on a group of ramets of a clone, or on a number of indi¬ 
viduals of the same species or progeny. The^our points from left to right 
in the base line indicate the earliest i l) and the latest (-2) inception of 
anthesis; and the earliest (.?) and the latest tyfie (-/) of the completion of 
anthesis for all the sets of flowers observed'. The four points in the upper 
line of the c-anthogram indicate the earliest time (a) and the latest time ( b) 
of full anthesis; and the earliest time (c) and the latest time ( d ) when 
flowers began to close. The body of a c-anthogram between points b and c is 
blocked-in in black and this section indicates the time-interval during which 
flowers were widely open on every day of the observations. Thus the b-c 
interval indicated by the section in black is common to all sets observed and 
it is an important value for comparisons. The numbers and letters applied 

] The term ajithogram was suggested to the writer by Dr. Harold W. Riekett. 
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to the time-points of e-anthograms are indicated for two e-anthograms of 
figure 1 and for one c-anthogram of figure 4. 

The two kinds of anthograms as here constructed are distinctly different 
in appearance (fig. 1). They present rather graphically the values for those 
features of anthesis that are characteristic of species, of groups of indi¬ 
viduals of a hybrid progeny, or of members of a clone. When they are coordi¬ 
nated according to the hours of the day, as in figures 1-4, evaluations and 
comparisons of the character of the various anthesis are simplified. It is to 



Fig. 1. Typical a-authograms (entirely in black) and e-ant liograms (with 8 time-points 
as indicated under H. esculcnta and H. minor) for 11 species of HcmrrocalUs. 

be noted that the anthograms which are oriented according to hours of a day 
in the vertical columns of these tables are not for the same calendar day and 
also that the two or three s-anthograms in the same level are not necessarily 
for successive days. 

DAY-BLOOMING SPECIES 

The first seven sections in figure 1 are for daylilies that have diurnal 
anthesis. Of each of these except the clones of “ H . aurantiaca” and IL fvlva 
clone Enropa there was available for observations a considerable number of 
ramets of different clones, or of seedlings, or of both seedlings and clones. 
Yet there was remarkable uniformity wnthin the numbers of each group with 
respect to the flow r er behavior of any anthesis. 
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In figure 1 the two or three s-anthograms that are given for each species 
are representative but usually they do not indicate the extremes of the vari¬ 
ations in anthesis that were observed and which are indicated in the c-antho- 
gram. 

Members of the species II. esculent a, II. Middendorffii, and H . Du - 
mortierii, of the day-blooming species, flower early in spring. H. exaltata , 
H . aurnntiaca , and II. fulva clone Europa flower in midsummer. Members 
of the species H. multiflora collectively flower in late summer and autumn. 
Hence the diurnal habit is well distributed over the entire growing season. 

Survey of Diurnal Anthesis. The anthograms presented in figure 1 for 
the seven day-blooming day lilies, and especially the c-anthograms, show that 
the end-points of all the common intervals (b-c) fall between 8: 00 A.M. and 
7: 00 P.M. and that the mid-points in the antheses fall somewhat after 12: 00 
noon except for II. Dumoriivrii. There are definite and specific differences 
in various features of diurnal anthesis. 

In the region about New York City II. fulva clone Europa blooms in mid¬ 
summer and shows slight variation in a-b, c-d, and 1-2 and 3-4 time-points 
and intervals. Tin* distinctive clonal name ‘‘Europa Daylily” was given 
(Stout 1920) to the clone that lias long been grown in Europe, and to 
Linnaeus and many other botanists and gardeners it was the only plant of 
II. fulva which was known. Kernel* and Oliver (1895) published a list of 
species which have ephemeral flowers that open once only for a part of a day. 
The period of anthesis for flowers of ik Hcnurocallis fulva” is given as 14 
hours, the time of opening between 8: 00 to 9: 00 A.M. and the time of closing 
at 4 : 00 to f>: 00 P.M. But in another table it is stated that at Cpsala, Sweden, 
the flowers of II. fulva open at 5: 00 A.M. and close at 7:00 to 8: 00 P.M., 
while at Innsbruck, Austria, they open between 6:00 and 7:00 A.M. and 
close between 8: 00 and 9: 00 P.M. It is stated that in the famous floral clock 
constructed by Linnaeus plants of H . fulva were included for the closing 
hour of 7:00 to 8:00 P.M. 

The Europa Daylily is widely grown in Europe and America over a 
rather wide range in latitude and variations are to be expected in respect to 
calendar dates of flowering and to responses of anthesis under different tem¬ 
peratures and periods of daylight. Dr. Hamilton P. Traub has reported to 
the author by letter during 1944 that at Salinas, California, the flowers of 
the Europa Daylily “ last not only two days but several days due to the cold 
weather that slows up growth and senescence/' At New York during thirty- 
three years of observation the writer has never observed in any flowers of 
this daylily the extension of an anthesis into the hours of a second period of 
daylight. 

H. anraniiaca , also a clone, which blooms with the Europa Daylily has 
somewhat shorter anthesis, as shown by the value of b-c, but more variation 
in opening and closing (see values for a-b, ewi, and 3-4 ). 
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The data for the group of seedlings of H. exaliata, also summer-flowering, 
show much irregularity in time of closing. Occasionally in cool and rainy 
weather the flowers remain widely open throughout the night following a 
rather normal day-blooming. The latest time-point for full opening (d) was 
7: 00 A.M.; and the earliest complete closing (,*>*) was 1: 00 P.M. Thus the 
anthesis of the plants of II. exaltata is definitely day-blooming in regard to 
the common period ( b-c ) but it is more extended into the hours of darkness 
than in any other of the day-blooming species that were studied. 

The three species II. esculenta, H. Middendorffii , and II. Dumortierii 
flower early in spring, usually during May. These are quite alike in anthesis. 
H. Dumortierii is somewhat more variable in the intervals of opening and 
closing, but its common period of anthesis is more balanced in reference to 
mid-day. 

The three s-authograms for II. multi flora are for the original plants 
obtained from China and some 75 of their seedlings, and they are for the 1st, 
the 8th, and the 20th day of the observations. But no data were taken for the 
more delayed opening and closing that frequently occurs in plants of this 
species after the first week in September. Otherwise for this species the time- 
intervals of opening are more extended and irregular than are the intervals 
of closing. 

For all the day-blooming species that were studied the common intervals 
b-c w T ere definitely diurnal and in no case was there ail overlap at any time 
of tw’<> sets of flowers that were fully open. 

Other dav-blooming species besides those reported above include H. nana, 
H. ForrestH , and H. Uttorea. Of the first two of these, there have been few’ 
plants and fknvers for study. Of the so-called II. Uttorea there are numerous 
clonal propagations of a plant obtained from Japan and a considerable num¬ 
ber of its selfed seedlings. The fknvers of these are definitely day-blooming 
during warm sunny days throughout the earlier portion of the blooming 
period but during the cool weather of late September and October the anthe¬ 
sis is often delayed, extended, and irregular; and frequently all flowers of 
a set remain only partly open. 

It may be noted that all the day-blooming daylilies dismissed above have 
either clear orange or fulvous-red flower coloring. It may be noted, however, 
that H. coreana (Nakai 1932), which is described as yellow-flowered, is 
reported by Hara (1941) to have “yellow diurnal flowers.” 

THE NIGHT-BLOOMING SPECIES 

Of the named species which have nocturnal anthesis only tw r o are defi¬ 
nitely know’ll to the writer and data for these are presented in figure 1. 
Both have ftow’ers that are pale yellow and odorous. 

H . citrina. Of this species there were ramets obtained from Italy, w r hich 
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are believed to be divisions of the plant described as the type of this species, 
and also seedlings grown from seeds that were collected in the wild in China. 
In 1941 the combined period of bloom for these was from June 24 to July 3D. 
Two rather typical s-anthograms are shown in figure 1 and the c-anthogram 
combines all of the observations made on the antheses of these plants in 1941. 
The b-c interval for these plants extended over about five hours of darkness 
with the median points near 11:00 P.M. In only tw T o sets did the flowers 
start to open earlier than 3:00 P.M., and the earliest time-point for full 
opening was at 7: 00 P.M. Certain of the unnamed wild night-blooming day- 
lilies which the writer has obtained from the Orient do not conform closely 
to the robust plants to which the name H. citrina w T as first given. Especially 
do some of these have smaller floAvers and more narrow leaves. Hara has 
given two new' specific names (Ilcmcrocallis yczocnsis , 1938; H. vespertina , 
1941) to collections that had been classed as H. citrina , and he states that 
plants of II. resperiinu are night-blooming. 

II. altmimu. Of the species named H. altissima (Stout 1943) the type and 
co-type plants and numerous of their seedlings have been studied. The col¬ 
lective blooming period of these much-branched plants has extended from 
the middle of July until late in October, but no data on the an thesis were 
collected after September 10. In the observations that were made the b-c 
interval for this rather large group was a duration of seven hours with its 
median point at 11 :30 P.M. Hence the anthesis is definitely nocturnal in 
character. During autumn when there are often cool nights the flowers may 
remain widely open until 9:00 A.M. and on some days they are not fully 
closed until 3: 00 P.M. 

A comparison of the e-anthograms of these two uigbt-blooming species 
shows a difference of two hours in the extent of the b-c interval; the time- 
points of opening are more extended in H. citrina; and the time-points of 
closing are more extended in H. altissima. But these contrasts may be due 
to the differences in the temperatures of summer and autumn. For both spe¬ 
cies the common interval (&-e) Avas completely nocturnal, and there was no 
overlap at any time of two sets of flowers that were fully open. 

SPECIES WITH EXTENDED ANTHESIS 

1. The Semi-Extended Anthesis of Hemerocallis Thunbergii. Of this 
species there Avert* available for study ramets of the clone propagated under 
this name in England since 1867. a few of the seedlings derived from these 
by controlled pollination, and also plants of this type that were obtained 
directly from the Orient. 

The e-anthogram compiled from a considerable number of s-anthograms 
and a large number of observations for a part of the day show's that the 
common interval for the widely open condition extended from 11:00 P.M. 
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to 6:00 A.M.; hence this feature of anthesis is definitely nocturnal. But dur¬ 
ing the cooler days of midsummer the full anthesis of sets of flowers may 
continue until 3:00 P.M. of the following period of daylight. The earliest 
hour for complete closing was 2: 00 P.M. and the latest was 8: 00 P.M. But 
during most of the interval of closing (r-4, from 6: 00 A.M. to 9: 00 P.M.) 
the flowers were often wilting and fading and more or less unsightly. 

The flowers of these plants clo not open early enough to make a good 
showing during the late afternoon. During the hours of the forenoon in hot 
weather they are sometimes fading and wilting. In the afternoon a set may 
be closed as early as 2:00 P.M. and if the closing is later the flowers are 
usually unsightly. The c-anthogram for H. Thunbergii shows that the latest 
hour of full anthesis was 3:00 P.M. and the earliest hour for this time- 
interval (a) was about 7:30 A.M. Thus there was no overlap of tw r o sets in 
full anthesis. 

No data are given in figure 4 for the anthesis of F, hybrids which have 
plants of H. Thunbergii for a parent. In all of the progenies of these hybrids 
that were studied and also in progenies of intra-specific breeding there were 
variations of the anthesis of sister Fi hybrids during a single day of as much 
as several hours in the time-points. It is considered that at least some of the 
plants of II. Thunbergii for which data are here shown are somewhat heter¬ 
ozygous in respect to the heredity of anthesis. There were, however, no 
appreciable variations in the anthesis on any one day among the plants 
included in this particular study. 

The plants of II. Thunbergii which are included in this report have an 
anthesis that is chiefly nocturnal with an extension of the time-points of 
closing (c-d and ,?-i) into the following hours of sunlight. This extension 
is promoted by cool temperatures which, during the period of flowering, 
usually accompany rainy or cloudy weather. 

Several collections of HemerocaUis obtained from the Orient are some¬ 
what similar to the type of H . Thunbergii in the character of the flowers but 
are different in having taller and more branched scapes and differences in 
foliage. The species IlemerocaUis yezoensis (Kara 1938) is described as more 
like H . Thunbergii than II. citrina , and as having flowers that are night¬ 
blooming but which remain open during the following forenoon. 

2. The More Extended Anthesis of H. minor. Of this species there 
were studied ramets of several clones that have been cultivated in Europe 
and seedlings grown from their seeds. Since 1941 several collections of seeds 
from wild plants in Northern China have been grown which are to be in¬ 
cluded ini/, minor. The entire normal period of first-flowering for this group 
especially studied in 1941 extended from May 1 to June 27. There is also a 
second-period of blooming by numerous plants which extends into the 
autumn, but special data on anthesis were not obtained for such flowers. 
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Observations were made on the anthesis of sixteen different sets during the 
period of first flowering. The s-anthograms or parts of them that are shown 
clearly indicate that an extended anthesis is normal for these plants. The 
time interval 1-3 was 28 hours and that of 2-3 was 23 hours, hence the short¬ 
est complete anthesis observed was somewhere between 23 and 28 hours. The 
common interval b-c was 18 hours and it extended from 10:00 P.M. until 
4:00 P.M. of the following day. After 3:00 P.M. there was much overlap 
of two successive sets but it was only between 7: 00 P.M. and 1: 00 A.M. that 
both sets were ever widely open at the same time. 

The time-intervals of the inception of anthesis of II. minor were defi¬ 
nitely nocturnal and they show slight fluctuation. The anthesis is extended 
to as late as 1: 00 A.M. of the next period of darkness, but there is much 
fluctuation in closing and often the flowers fade and wilt. 

It may be noted that a scape of H. minor with an open flower and buds 
is illustrated in plate 18 of the Somoku-Dzuset.su (linuma 1874), A trans¬ 
lation of the text supplied to the writer by Professor T. Maekawa states that 
“the flower begins to open afte/ sunset and begins to close after sunrise and 
wilts in the forenoon. Therefore the people say * Yuu-Suge’ meaning Evening 
Day lily. Another name for this plant is ‘Matsu-voi-gusa’ which means i wait¬ 
ing-evening-herb. ’ ” Other Japanese publications note that the flowers of 
this species are night-blooming with some extension into the following period 
of daylight. 

A comparison of the anthesis of H. minor with that of II. Thunbcrgii may 
be made as follows. The an theses of these two species are very similar in 
being nocturnal in inception and somewhat similar in the range of variations 
in closing. Then* is considerable wilting and fading of the flowers of both. 
But the extension of anthesis is much greater in II. minor and more com¬ 
pletely a combination of nocturnal and diurnal periods. 

3. The Much Extended and Sensitive Anthesis of H. flava. The studies 
here reported are entirely for the ramets of a clone that has long been grown 
in Europe and America under the common name 44 Lemon Daylilv.” This 
clone is the historical type on which Linnaeus bestowed the name Hemcro - 
cal Us flora, and he evidently knew no other yellow-flowered plant of Hcmcro- 
call is. Many live plants of yellow-flowered members of Hcmcrocaltis have 
come directly to The New York Botanical Garden from the Orient and also 
seeds have come from which numerous seedlings have been grown to ma¬ 
turity. Also the writer has examined herbarium specimens of collections of 
wild plants of Hcmcrocallis at Edinburgh, London, and New York. Not one 
of all these plants or specimens can correctly be assigned to the Linnaean 
type of II. flava. For a discussion of this matter reference may be made to 
an earlier publication (Stout 1935). Of the other clones of daylilies in culti¬ 
vation in Europe which the writer has seen only one is noticeably similar to 
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the Lemon Daylily. Its flowers are smaller, the foliage is more upright, and 
the capsules are different in size and shape. But in color of flowers, habits 
of the growth of foliage and of rhizomes, season of flowering, and flower 
behavior the two clones are very similar. 

For the observations during the one flowering season in 1941, at least 
100 well-grown clusters of this one clone of the Lemon Daylily were available 
at The New York Botanical Garden, in my own home garden, and in the 
gardens of three of my neighbors. Rather complete records were obtained, 



Fig. 2. Data and s-antliograms for 22 consecutive sets of flowers of the clone known 
as Hemcrocallix flava. 


often with observations at one-hour intervals, for the entire antheses of 22 
consecutive sets of flowers which opened between May 20 and June 8 inclu¬ 
sive. The entire period of flowering for the group of plants was from May 12 
to June 14, but during the first week and the last week of flowering there 
were relatively few flowers open. 

In figure 2 the s-anthograms are more flattened than in figure 1. The 
intervals of full opening is represented by the heavier portion and the time- 
intervals of opening and closing are shown by narrow' extensions. Each 
s-anthogram with its time-points is placed according to the hours of the day 












Fig. 3. Data for the antheses of flowers of Hcmerocallis fiava. Explanation in text. 
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and they are in succession from top to bottom according to the calendar dates 
(midnight to midnight) of the day when each anthesis was initiated. Each 
of the dates given in column I is for the day during which an anthesis began 
and in section IV the time-points of each set of flowers are placed according 
to hour and day. The section IV is extended to cover two and one-half days 
in order to include the most extended anthesis. 

The different s-anthograms in figure 2 graphically indicate the differ¬ 
ences in the intervals of anthesis and their position with respect to the hours 
of darkness and sunlight. 

In the columns at each side of the section IV in figure 2 there are given 
the numerical values for important features of anthesis as follows: I, calen¬ 
dar dates when antheses began; II, number of each of the sets ill succession; 
III, interval in hours between the inception of the antheses of two successive 
sets; IV, distribution of intervals of anthesis according to hours of daylight 
and darkness; V, time-intervals of entire anthesis; VI, time-intervals for the 
complete opening of each set; VII, time-interval of the overlap in the entire 
period of anthesis of each set with that of the previous one; Vill, time-inter¬ 
val of overlap of the full opening of each set with that of the previous one; 
and IX, time-intervals when no set was in full bloom. 

In figure 3 the data for the antheses of the 22 sets of flowers of the clone 
II. flora are arranged in a manner that emphasizes certain of the values of 
the antheses. The representation of the character of the different antheses is 
coordinated in column IV for each successive period of daylight (5:00 A.M. 
to 7 :00 P.M.) and in column V for the following period of darkness (7 :00 
P.M. to 5:00 A.M.). Thus the behavior of all sets in any stage of anthesis at 
any time of each day is indicated. In column I, there are calendar dates for 
the successive period of daylight; II lists the number of the one or more sets 
that started their antheses during each of the successive periods of 24 hours; 
column III indicates the number of each set whose anthesis continued from 
the previous 24-hour period; IV and V show the coordination of s-antho- 
grams, and the overlap in the condition of full opening of two or more sets 
is shown by cross-hatching. Circles indicate the time-intervals during which 
no flowers were fully open. 

In section VI there are graphs which indicate the mean temperature (T) 
in degrees of Fahrenheit, the percentage of relative humidity (H) at noon, 
and (S) the per cent of the possible sunlight. In column VII are records 
of the rainfall. These data were obtained from the Monthly Meterological 
Summaries of data at New York for May and June, 1941, prepared by the 
U. S. Department of Commerce, Weather Bureau. 

Features of the antheses indicated in figures 2 and 3 will now be dis¬ 
cussed. 

Inception of Anthesis. This was decidedly diurnal; all of its time-points 
fell between 4:00 A.M. and 10:00 P.M., and 16 of the 22 were between 8:00 
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A.M. and 4:00 P. M. For 10 sets the inception was between 1:00 P.M. and 
4:00 P.M. Even the interpolated sets (Nos. 3, 13, 17, 21) and the sets (Nos. 
33 and 40) that followed a day during which no set started anthesis all had 
points of the inception of anthesis that fell within the range of those sets 
that were in regular sequence. 

Time-Points of the Beginning of Full Anthesis. For 17 of the sets 
studied this time-point fell between noon and 8:00 P.M., inclusive. The time 
most typical for the inception of full anthesis was in the afternoon. 

Extent of Antheses. The intervals of entire anthesis (start to finish) 
ranged from 21 to 67 hours with an average of 37 + (fig. 2, column V) ; the 
interval of complete opening varied from 13 to 57 hours with an average of 
28 (fig. 2, column VI). The anthesis was definitely more extended than that 
of the plants which were studied of H. minor. 

Moliseh (1938) records that the longevity of flowers of Ilcmerocallis flora 
is 6 days. But at The New York Botanical Barden no anthesis of more than 
72 hours (Stout 1933) has been observed on this daylilv. 

Disposition of Anthesis. As noted already, the inception of anthesis is 
definitely diurnal with its time-points most frequent in the afternoon. The 
most typical disposition of anthesis is that it continuevS throughout the night 
and well into the following hours of sunlight. 

Overlap of Different Sets. The intervals of an overlap of sets that were 
widely open are indicated in figure 3 by cross-hatching while circles indicate 
the time when there were no flowers widely open. Values in hours for the 
overlap of a set with the previous set are given in figure 2; column VII for 
entire overlap; VJil for overlap of flowers fully open; and IX for no overlap 
of flowers that were fully open. There were 15 different periods when there 
was an overlap of two sets and the extent of these ranged from one to 40 
hours. There was only one period of two hours when three sets were fully 
open together. Thus the conditions which give extension of sets with delay 
in completion of anthesis definitely inhibit and delay the development and 
anthesis of the next set of flowers. 

In case of overlap the flowers of a new set are for a time paler in color 
than are the flowers of the older set (Stout 1933, 1934). 

There was no time during which there were no flowers in some stage of 
opening, but there were five different periods of from 3 to 12 hours when 
there were no flowers fully open. 

Interpolation. The interpolation of an extra set of flowers was observed. 
Of the sets 2 and 3 the latter may be regarded as an extra set for there was 
no omission of a set on either the previous day or on the following one. The 
same condition was seen for the sets 12 and 13 and for the sets 20 and 21. 
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Omission of a Set But the two sets (16 and 17) which started anthesis 
close together on June 3 were preceded and followed by the only two omis¬ 
sions observed. But reference to figure 3 will show that on both these days 
there were two sets in extended and full anthesis. The time-interval between 
the inception of two successive sets may be extended to as much as 40 hours. 
Between the closing of a set and the start, of opening of the next set after 
an omission there was always an overlap (sec anthograms for 15, 16, and 17; 
and 17 and 18 in figure 3). 

Influences of Temperature, Humidity and Sunlight. That the condi¬ 
tions just mentioned affect various features of anthesis is obvious and certain 
to one who observes anthesis in daylilies from day to day. It is to be recog¬ 
nized that these external influences operate to affect the internal processes 
of growth, differentiation, and development of flowers. In the daylilies that 
have branched inflorescences, as does the Lemon Daylily, most of the flowers 
are on secondary laterals which develop in bostryxes (Stout 1941) after the 
primary flowers have bloomed. There is much growth and development in 
each bostryx of the inflorescence after flowering begins. There will often be 
two or more flowers open on a scape at the same time but seldom in a single 
bostryx. Especially in the later part of the blooming period there will be 
omissions in the daily maturity of at least one flower of a scape. But the 
omission of an entire set during the season of heavy bloom, as was observed 
in H. flava, involves a synchronous and systemic, condition in all scapes of 
the various ramets of a clone. 

High temperatures, clear sunny days, and dry weather all combine to 
shorten the period of anthesis and to advance the inception into the hours of 
the forenoon. These conditions existed for a few days before May 20 and con¬ 
tinued while sets 1 and 2 had antheses of 24 and 21 hours. Also an interpo¬ 
lated set (No. 3) occurred during this time. The first noticeably delayed set 
(No. 7) followed a drop in temperature. 

On May 30 there was an interpolated set (No. 13) which had a much 
extended anthesis, as had the follow ing tw T o sets. On the 30th the temperature 
was rather high and it remained quite uniform but there was a decrease in 
sunlight and a rise in humidity. The day was hot, cloudy and “muggy." 

The w r eather conditions wfliich extend anthesis also check or delay the 
development of the next set of flow ers. The anthesis of the interpolated set 13 
w^as much extended over that of set 12 and the antheses of sets 14 and 15 
which followed were both delayed and extended during a period of rainy 
weather. Sets 14 and 15 were in full and extended antheses during June 2 
and there w r as a delay which became an omission for the day of a new set. 
But on June 3 the next two sets (16 and 17) began anthesis only seven hours 
apart. Then there w r as heavy rain and cloudiness with moderate temperatures 
on the 4th, during w r hich sets 16 and 17 continued in extended anthesis with 
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overlaps of 57 and 48 hours, and again there was an omission of a new set. 
Bright sunlight and rising temperature brought sets 20 and 21 into an inter¬ 
polation and an overlap on each other and on set 19; and from 7: 00 to 9: 00 
P.M. on June 7 there were 3 different sets of flowers widely open. Then there 
was a shift to shorter periods of anthesis (20, 21, and 22) that were more 
like those (Nos. 1—11) of the early part of the period of flowering. 

The elimax in both the extension of the anthesis and the day by day vari¬ 
ations in anthesis is seen in the Lemon Daylilv. There are wide variations in 
the length of anthesis, in the preeise hours of its duration, and in the location 
of all the time-points. The variations in the different sets of flowers during 
a season of flowering reveal a sensitiveness to environmental influences that 
surpasses all other species thus far studied. But on any one day the flowers 
of each of the sets of the numerous ramets of the clone in a locality will be 
alike in a remarkable degree of synchronism. 

The retarded, delayed, extended, and interpolated reactions of antheses 
must, it would seem, indicate physiological conditions in the plant that are 
more or less localized in the individual scapes. 

lu regard to the character and the degree of the extended anthesis, the 
three types 11. Thunbf r<jii, II. minor, and II. flora show marked differences 
or specificity. All three have an anthesis that is decidedly nocturnal. For IL 
Thunberyii the extension of anthesis into the following period of daylight is 
irregular from day to day as shown by the long interval of c-d. For //. minor 
the extension of anthesis into the following period of daylight is greater than 
that of H. Thunbvrgii as shown in the position of the c time-point at 4:00 
P.M. For II. flora the extension of anthesis is still greater. 

THE ANTHESES OF Fj HYBRIDS 

In most of the twelve groups of the F, hybrids included in this report 
there were at least ten individuals in good bloom and in some there were as 
many as fifty. With respect to the anthesis of their flowers the members of 
each of these groups were remarkably uniform on any one day of blooming. 

The e-anthograms for these groups of hybrids combine observations of 
several sets at intervals of from three to four hours and also numerous obser¬ 
vations during parts of different antheses. There lias not been opportunity 
since these data were obtained in 1941 to make somewhat continuous obser¬ 
vations over a scries of days, as was done for H. flora , for hybrids and their 
parents which are in flower on the same days. 

The e-anthograms of figure 4 are, it is certain, very accurate in indicating 
the value of the b-c interval, the extent of the various antheses, and the fluc¬ 
tuations in time-points for each group of hybrids. It is certain that more 
complete data for more sets of flowers could not reduce the time-intervals of 
opening and closing or make greater the b-c value, and these are the features 
of special importance in the evaluations. 
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Hybrids of Pai^nts^fhsh Have Diurnal Anthesis. The first six c-antho- 
grams from the top in figure.4 are for Fx hybrids of species that have diurnal 
anthesis. In all cases TfreBe Fi hybrids also had diurnal anthesis, but when 
comparisons with the parents are made there are some differences to be noted. 

1. II. escnlenta x H. a'urantiaca. Series 2113. For this series the 1-1 inter¬ 
val was somewhat more extended than was the corresponding period in the 
seed parent, and it was still more extended than that of the pollen parent. 
As shown in the c-anthogram the common b-c interval was reduced to only 
3 hours and the a-b, c-d, and 3-4 intervals were somewhat extended. Hence 
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Fig. 4. C-anthograms for 12 groups of F 1 hybrids of Ifenurocallis. 


these Fi hybrids were more variable than were the respective parents upder 
the day by day changes in the environmental factors that affect flower 
opening. 

2. H. csculentaxH. Dumortierii. Series 2143. The e-anthogram for these 
hybrids shows in comparison with the two parents slight reduction in the 
intervals for b-c and only slight differences in the location of the points 
a and d, but there is a noticeable extension of the interval 3-4. 

3. H. Middendorffii x H. Dumortierii. Series 417. The c-anthogram for 
this group of hybrids is noticeably similar to those of the two parents. The 
b-c interval is not reduced; but the a-b and c-d intervals are somewhat 
shorter. 
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4. JT. aurantiaca x H. fulva Europa. Series 181. There are only very slight 
differences between the c-anthograms of this group and those of its two 
parents. The diurnal antheses of the parents and the group of hybrids were 
quite alike. 

5. JT. fulva “Japan ” xH. multiflora. Series 1161. The seed parent is 
diurnal in anthesis but only few observations have been made on the time- 
points and the intervals. In comparison to the H. multiflora this group of 
hybrids had a shorter b-c interval but longer intervals for all other values. 

6. H . multiflora x //. MitUU niterffii. Series 696. The anthesis of these 
hybrids shows decided decrease in the b-c interval and considerable increase 
in the intervals a*-b and e-d. Thus there was greater variability from day to 
day during the season of flowering than was seen in the antheses of the two 
parents. 

F l Hybrids Which Have One Parent That Has Diurnal Anthesis and 
One Parent That Has Nocturnal Anthesis. 

7. II. citrina *' II. fulva var. rosea clone “Rosalind/’ Series 1541. Twenty- 
five hybrids of this parentage were grown during several years. They were 
remarkably uniform in stature, habits of growth, flower coloring, season of 
bloom, and anthesis. The data which are compiled in the c-anthograms shown 
in figure 4 were obtained from four of these hybrids. The observations were 
made between June 30 and July 16 during the time when both parents were 
also in bloom. The data collected were complete for ten different sets of 
flowers, and on each day of the observations only very slight differences were 
observed in the antheses of these four plants. 

The anthesis was diurnal in that the hours of the a~d interval ranged 
between 3:00 A.M. and 6:00 P.M. and the latest time-point for the fully 
closed condition was at 8:00 P.M. Yet the anthesis was nocturnal in that no 
set started to open (point 2) later than 2:00 A.M. It was the rule that the 
flowers opened slowly and that the time-intervals of the opening of flowers 
(1-2 and 1-a) were extended. In its extent, the interval 1-4 of the c-antho- 
gram for these hybrids includes almost all of the combined 1-i intervals of 
the tiro parents . 

Thus the antheses of these hybrids show the influence of both parents. 
The diurnal parent has somewhat greater influence especially if one considers 
the position of the a-d interval. But the variations from day to day were 
increased to the degree that there was only one hour (8:00 to 9:00 A.M.) 
during which flowers were widely open on every day of the observations. It 
is also to be noted that this time-period (b-c) was shifted to mid-forenoon 
which is an intermediate position with respect to the mid-points of the b-c 
intervals of nocturnal and diurnal antheses. 

In somewhat casual observations throughout the blooming period one 
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would be likely to conclude tliat these particular hybrids have a diurnal 
anthesis and that the diurnal habit is dominant to the nocturnal habit. That 
this is not the case is shown by the decidedly nocturnal inception of anthesis 
and the greater variability of the hybrids. They are much more sensitive to 
variations that occur from day to day in temperature and sunlight than is 
either of the parents. Part of the time their anthesis was more like that of the 
nocturnal parent and part of the time it was more like the diurnal parent. 
The interplay of these two heredities reduced the b-c interval to one hour 
and the longest a-c interval to six hours. But all the time the influence of the 
nocturnal parent is evident in the inception of anthesis while that of the 
diurnal parent is most evident in the time-period ( a~d) of complete opening. 

8. H. aurantiacax H. eitrina. Series 2454. There were two series of these 
hybrids and a total of 28 individuals. Observations were made on the com¬ 
plete anthesis of one large well-grown plant during the hours of daylight on 
each of 11 different days between July 3 and July 15. Also data were re¬ 
corded for all the other sister plants during ten of these days. For these F, 
hybrids there were wide differences in habit of growth and color of flowers, 
characters for which the clone H. aurantiuca is heterozygous, but there was 
remarkable uniformity in their anthesis. However, the e-anthogram given in 
figure 4 is for one individual that appeared to be representative of the group. 

For this hybrid the b-c interval of the e-anthogram was decidedly diurnal 
(8:00 A.M. to 2: 00 P.M.) but it was earlier in its time-range than was this 
interval for II. aurantiuca (10:00 A.M. to 4:00 P.M.). The <1 and the i 
time-points were very close to those in the behavior of H. aurantiuca, but the 
1 point was ten hours earlier. 

In the anthesis of these F, hybrids the diurnal habit is somewhat evident 
but there is an extension of anthesis into the preceding nocturnal period. 
There is greater variation from day to day than was observed in either 
parent. The hybrids of H. aurantiuca x H. eitrina show less variation from 
day to day than do the hybrids of H. eitrina xH. fulva clone “ Rosalind / f 
reported in the preceding paragraphs, but there is much the same combina¬ 
tion of nocturnal and diurnal features. 

« 

F! Hybrids Which Have One Parent with Diurnal Anthesis and One 
Parent with Extended Anthesis. 

9. H. Dumorticrii x H. minor. Series 477. The anthesis of these hybrids 
was decidedly diurnal in respect to the b-c interval. In its extent this inter¬ 
val of 8 hours was the same as that of the diurnal parent but it was much 
shorter than that of the II. minor. But the time-points for inception of anthe¬ 
sis (1 and 5) fall at 5:00 P.M. and 7 : 00 P.M. which are close to the location 
of these time-points in the antheses of H. minor . 

In regard to the start of the opening of their flowers these hybrids were 
nocturnal quite like H. minor, but the complete opening was delayed until 
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its completion was definitely diurnal in character. The 2-4 time-interval was 
24 hours in extent and its time-points came almost at midnight. Thus there 
was much increase in the extent of anthesis over that of H. Dumortierii. 
There was however no overlap of two sets fully open. 

10. H. Middcndorffii xH. minor . Series 2150. The c-anthogram for these 
hybrids shows a b-c interval of only 4 hours that extends from 12:30 P.M. 
to 4:30 P.M. This is definitely diurnal and reflects an influence of the If. 
Middcndorffii parent. 

But the preceding a-b interval covered 10 hours and the following c-d 
interval was one of 16 J hours. Hence there was a noticeable extension of the 
time-interval when some flowers were fully open. The overlap of two sets 
fully open was rather frequent between 5:00 A.M. and 9:00 A.M. These 
extensions show an influence of the H. minor parent. The much shorter value 
of b-c in the hybrids indicates that the day by day antheses of the hybrids 
were much more variable than those of either parent. There was remarkable 
uniformity in the antheses of the various members of the hybrid group on 
any one day but the hybrids were more sensitive to the daily alternations of 
daylight and darkness than was either of the two parents. 

The antheses of the two species H. Dumortierii and H. Middcndorffii are 
quite similar (see figure 1) but the antheses of the two groups of hybrids 
obtained when they are crossed with the one species H. minor are noticeably 
different. 

11. H . Dumortierii > H. flora. Series 2120. In these hybrids the inception 
of anthesis, the position of the a time-point, and the position of the b-c time- 
intervals were all diurnal; but there was marked extension of the anthesis 
as seen in its l-i and a-d time-intervals. These included a diurnal, the fol¬ 
lowing nocturnal, and another diurnal period,—an extent of 30 hours. The 
combined periods of antheses of the hybrids was somewhat shorter in extent 
than the longest anthesis of a single set of the H. flara. It is certain, how¬ 
ever, that the variations in the hybrids are less in degree than are those in 
H. flora as evaluated by the various time-intervals but much greater than 
those of the diurnal parent. 

The inception of anthesis is decidedly diurnal in both parents, and this 
is the case in the hybrids. The time-intervals of the extent of anthesis {1-4 
and a-d) are much greater than those of H. Dumortierii but less than those 
of II. flora. In the hybrids the overlap of sets was most frequent in the fore¬ 
noon. 

The overlap of two sets between 10:00 A.M. and 2:00 P.M. has been 
illustrated in photographs (Stout 1934) of the flowers of the * 4 Gold Dust 
Daylily/’ one of the early horticultural clones of the hybrids of H . 
Dumortierii and H. flara . 
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12. H. Middendorffii x H. flava . Series 255. These particular Fi hybrids 
were very uniform in flower behavior, habit of growth, and character of 
flowers. Only five of a rather large progeny were kept and these were large 
well-grown plants with numerous flowers when this study of anthesis was 
made. 

These hybrids had the longest common interval of full anthesis (b-c) 
observed thus far in any group of hybrids or in any species except H. minor 
and H. flava. This period ( b-c ) extended from 1:00 P.M. to 5:00 P.M. of 
the following day. The a-d interval extended to 31 hours, from 5:00 A.M. 
until noon of the following day, and there was frequently an overlap in the 
an theses of two sets of flowers during the forenoon. 

In comparison with the hybrids of H. Dumorticrii xll. flava there was 
almost the same extent (1-4) of anthesis, but there was much less fluctuation 
in the time-points of closing (c-d) and a much longer interval (b-c) of com¬ 
mon full anthesis. 


SUMMARY AND CONCLUDING REMARKS 

1. Specificities of Anthesis. (a) Among the relatively few species of 
the genus Hemerocallis there are three distinctly different main types of 
anthesis which are characteristic hereditary specificities. As far as is known 
the majority of the species have diurnal anthesis, and the flowers of all these 
are clear orange or fulvous red in color. Two species have nocturnal anthesis, 
and these have pale yellow flowers which are odorous. Three species have 
extended anthesis, but to different degrees, and these have yellow flowers 
which are odorous. Flowering periods of diurnal species are distributed over 
the entire season of spring, summer, late summer, and early autumn. Of the 
two nocturnal species, one flowers in midsummer and one in late summer and 
early autumn. Two that have most extended anthesis (II. minor and II. 
flava) bloom in spring at the same time that certain diurnal species bloom, 
and one (II. Thnnbcrgii) flowers in midsummer. Thus the types of anthesis 
are specificity characters that are not differentiated according to a particular 
season in the collective period of flowering. 

(b) The diurnal and the nocturnal habits of anthesis in Hcmerocallis 
exhibit sharp contrasts and specific differentiation. There is no overlap of the 
time intervals of common full anthesis (b-c) of these two types. In the diur¬ 
nal type the processes which bring about the climax of flower maturity and 
the action of the mechanism of anthesis operate in a synchronized relation 
with the hours of daylight; in the nocturnal type they are synchronized with 
the hours of darkness. Temperature, and perhaps humidity, as well as sun¬ 
light exert noticeable influence on various features of the expression of 
anthesis. 

(e) The extended type of anthesis combines various features of botli the 
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diurnal and the nocturnal habits. The three species that were studied exhibit 
different and definitely progressive degrees in the extensions of an thesis. 

H . Thun bergU has an anthesis that is primarily nocturnal and there is 
poor opening and much irregularity during the extension into a part of the 
following diurnal period. 

The anthesis of H. minor is also nocturnal at the start but is more stabi¬ 
lized in a greater extension into the following period of daylight. 

The anthesis of II. flora has the most extended anthesis thus far observed 
in the species of daylilies; but there is much variation in the antheses of the 
various sets of flowers. The anthesis is somewhat diurnal in its beginning 
and more than half of the sets attain full opening in the hours of the after¬ 
noon. But the majority of the sets continue in anthesis throughout the fol¬ 
lowing hours of darkness and through at least a part of the second period 
of sunlight. There are wide variations in the time periods of anthesis. 

Thus the initiation of extended anthesis is strongly nocturnal in two spe¬ 
cies and strongly diurnal in one species. The conclusion of the extended 
anthesis is not closely correlated with the next period in the alternation of 
daylight and darkness. The time-points of closing are especially fluctuating 
in response to those variations in weather which have relatively little effect 
on the anthesis of diurnal species. Also the conditions which induce extreme 
extensions of anthesis in II. flora also retard the development and maturity 
of the next set of flowers. Thus when two extended sets are widely open dur¬ 
ing a second period of daylight there is usually an omission of a new set for 
that day. 

2. Summary of the Heredity of Anthesis in Hybrids, (a) It is the 

general rule that the h\ hybrids of H< meroeallis tend strongly to have fea¬ 
tures of diurnal anthesis. But there is also, in every case, definite influence 
of the geriom derived from a parent that has either nocturnal or extended 
anthesis. Thus there are features of both types of anthesis with somewhat 
noticeable modifications of each. 

(b) The V\ hybrids of diurnal s diurnal parentage have diurnal anthe¬ 
sis. But there is some evidence that such hybrids are often somewhat more 
variable and less stabilized in the reactions of the inception and the comple¬ 
tion of anthesis. 

(<•) The F, hybrids of diurnal x nocturnal parentage have an anthesis 
that is strongly diurnal. But both of the different genoms exert influence and 
no anthesis of a set is precisely like that of either parent for that same day. 
Also the hybrids are more sensitive and variable from day to day. The com¬ 
posite time-intervals for inception (7-2 and a-b) and completion (>-d) of 
anthesis show greater range of variability and in one group of hybrids these 
variations reduced the b-c period to only one hour. 

(d) The behavior of four groups of Fi hybrids of combinations of two 
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diurnal species and two of extended habit indicates that neither type of 
anthesis is fully dominant, but that the influence of each parent may be 
recognized. The anthesis is strongly diurnal in inception, but is less so for 
hybrids of H. minor than for hybrids of H. flora. 

For the hybrids which have H, minor for a parent there was extended 
anthesis nearly equal to that of H. minor , but there was much greater vari¬ 
ation especially in the opening of flowers. 

The two groups of hybrids which have H. flava for a parent had anthesis 
that was diurnal in the inception and more extended than that of the diurnal 
parent but less extended that H. flava. There was a somewhat unexpected 
difference in the variability of the two groups of hybrids, although the two 
diurnal parents were rather similar in anthesis. 

The New York Botanical Garden 
New York 
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THE MOSSES OF GEORGIA—II. 

THE COASTAL PLAIN 1 

Ruth O. Schorniierst 

Only three papers dealing exclusively with the mosses of Georgia have 
been published, none treating the Coastal Plain section of the state. Many 
scattered references to Georgia collections are found in Grout’s Moss Flora, 
and in papers by McVaugh, Anderson, et al. These, added to data from my 
own collections, those of J. K. Small, and herbarium material from the New 
York Botanical Garden and the University of Michigan, have served as the 
source of material for the present paper and the one to follow. The result 
is a surprisingly lengthy list of species, although several which might be 
expected to occur are not included, owing mainly to the haphazard nature of 
most of the collecting. Before publishing this list I had expected to do more 
personal collecting and to make further study of important southern collec¬ 
tions such as that at Duke University, but travel restrictions due to the war 
have prevented. Although I realize the limitations of the present list, I feel 
that it is large enough and representative enough to present as a preliminary 
report. 

Georgia lies within two of the major physiographic regions of the United 
States, the Atlantic Plain on the southeast and the Appalachian Region on 
the northwest. The latter includes parts of four provinces: the Central Up¬ 
land, the Appalachian Mountains, the Appalachian Valley and Ranges, and 
the Appalachian Plateau (fig. 1). The present paper deals exclusively with 
the Coastal Plain; the other regions, with the exception of the Appalachian 
Plateau, which has been covered by the recent, paper by Carroll (1945), will 
be treated later. 

The Coastal Plain, bordering the coast of the United States from south¬ 
ern New England to and into Mexico, occupies all of Georgia south of 
a crooked line connecting Augusta, Milledgeville, Macon, and Columbus 
(fig. 1). This crooked line is the Fall Line, a transition zone some five to 
ten miles wide, marking the coast line of an earlier geologic era. It is easily 
observable in the streams, where rapids and falls develop (hence the name), 
but is often difficult to discern on the ridges between since there are no 
appreciable soil differences between the two regions. The Piedmont, just 
north of the Fall Line, is underlain by ancient granites and other crystal¬ 
line rocks, while to the south of it underlying the surface soils are softer 

1 The first paper of this series appeared as: Mosses of Stone Mountain, Georgia. 
Bryologist 48: 29-33. 1945. 
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sedimentarj^ rocks such as limestone, or in some places clay or sand. Ap¬ 
proximately three-fifths of the total area of the state, 35,650 square miles, 



is included in the Coastal Plain. The topography is partly rolling, partly 
flat. The underlying formations are mantled by a wide variety of soils, 
including red clay, gray limestone soils, and light-colored sands. Some of 
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these soils represent greatly decomposed formations like the Alum Bluff, 
others are Pleistocene in origin. Streams rising within the Coastal Plain are 
clear, owing to the leaching by sandy banks and beds, but those rivers rising 
to the north and flowing across it are for the most part turbid and discolored 
by dissolved organic matter. Lakes, sometimes numerous, may be original 
depressions or may be formed by solution of limestone. Some of these lime- 
sink Jakes are quite large and deep. Along the Savannah River occur lakes 
which are nothing more than abandoned river channels. Swamps are abun¬ 
dant in the southern parts of the Coastal Plain, where the ground is fre¬ 
quently low. Best known of these swamps is the Okefenokee Swamp, an 
original depression covering 660 square miles, second in size in the United 
States only to the Dismal Swamp of Virginia. At least five coastal terraces, 
derived from sea bottom and converted into land by the withdrawal of the 
sea to a lower level, are recognized (LaForge, Cooke, et ah). 

The southern states are conspicuous for the exceedingly heavy growth 
of bryophytes and other small plants which thrive where moisture is abun¬ 
dant and where growing conditions foster long periods of vegetative growth. 
The southern half of Georgia has a warm, moist climate, with long summers 
having frequent and heavy rainfall, and with short mild winters. The grow¬ 
ing season (from last spring frost to first fall frost) averages 250 days near 
the (Jcorgia-Plorida border, and rainfall ranges from 50 to 55 inches per 
year. These figures are representative of the general climatic situation in 
most of the Georgia Coastal Plain. 

The states bordering the Gulf of Mexico are of considerable significance 
to one interested in the distribution of plants. The majority of species of 
mosses found here, it is true, are typical of much of eastern North America, 
but the area is a critical one for studying the mingling of temperate and 
tropical or subtropical species. Interest in any area not previously studied 
intensively centers around the unusual or unexpected species found there. 
For example, to list such ubiquitous species as Bryum argenteum or Pohp 
trichum commune would not cause much excitement in the bryological 
world, but when characteristically tropical species such as Syrrhopodon 
tigulatus , Finside ns suherenat us, or Mittenothamnium diminutivum are 
found in the same region as Uaplohymcninm tristc or Platygyriiim repens , 
characteristic of more northern localities, then one realizes that the region 
needs close scrutiny. 

Anderson (1938) listed 38 species of mosses commonly found in the 
Coastal Plain of North Carolina. Of these, 18 are known from the Georgia 
Coastal Plain, and at least eight others probably occur more or less fre¬ 
quently, for they do in northern Florida, which is much like southern 
Georgia in topography, climate, and vegetation-types. Figure 2 show's the 
distribution of Bruch ia Donnellii, a species confined to the Coastal Plain, 
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while figures 3 and 4 show the distribution of Tetraplodon pensylvamcus 
and Cryphaea glomerata which, although not restricted to the Coastal 
Plain, have their greatest concentration there. Other characteristic species 
are Syrrhopodon texanns , Homalotheciella fabrofolia, Sphagnum macro - 
phyllum, Sphagnum henryense, Sphagnum portoricensc , Entodon Drum - 
mondii, Pogonatum brachyphyllum, and Ptychomitrium Drummondii . Such 
species as Clasmatodon parvulus, Plagiothecium micans , Schlotheimia Sulli - 
vantii , and Schwetschkeopsis denticulata are found throughout the southern 



states, while Cirriphyllum Boscii , Jhclia hiriella , Entodon scductrix , Sci- 
aromium Lescurii, Climacium Kindbcrgii , and Leueodon julaceus are widely 
distributed throughout eastern North America. Some species, such as Plagio¬ 
thecium micans , Leueodon julaceus , Forsstroemia trichomitria, and Weisia 
viridula probably grow in every county in the state. Font main Sullivanti 
has been considered a Coastal Plain species, but it seems more character¬ 
istic of the entire eastern part of the country, being known from Florida, 
Georgia, Louisiana, Alabama. Missouri, Arkansas, Tennessee, Delaware, New 
Jersey, Pennsylvania, New York, Connecticut, Massachusetts, Maine, and 
Nova Scotia (Welch, in litt.). 

In recent years a number of writers have shown that present distribu¬ 
tion of plants can be better interpreted if we know something of their past 
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distribution. One collection of fossils in South Georgia and one in northern 
Florida give the only clue so far to the fossil fauna and flora of the Georgia 
Coastal Plain, but that clue is significant. The Miocene of Florida and 
Georgia consists of three formations, the Chattahoochee, the Chipola, and 
the Chesapeake, in order of age (Foerste). During the early Miocene the 



Fig. 3. Distribution of Tetraphnlon australis. Fig. 4. Distribution of Cryphaca 
(jlomcrata. Fig. o. Distribution of Mittenothamnium <liminuUvnm . Fig. 6. Distribution 
of Syrrhopodon ligulatus. 


Okefenokee Current, a return-current from the Gulf of Mexico, went 
through the Okefenokee Straits. The Chipola fauna, of decidedly subtropical 
(Antillean or Caribbean) facies, extended all aloug this passage and some 
distance northward. Collections made between Bainbridge and Fowlstown, 
in Decatur County, show this clearly. Later the Chesapeake, a cold south- 
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west-running current, introduced northern forms of marine life all along 
the southern border of the Miocene continent. The Alum Bluff formation 
in northern Florida, forty miles southwest of the Georgia deposits, indicates 
much the same condition, namely, a tropical flora receiving replacements and 
additions from a more temperate one (Berry). The present situation in pen¬ 
insular Florida, and to a very limited extent in southern Georgia, is that 
of an essentially temperate flora receiving additions from the tropics. Ex¬ 
amination of the spot maps (showing known collections) of Mittcnotham- 
nium dimimitivnm or Syrrhopodon ligulatus (figs. 5, 6) will show tropical 
species which have reached their northern limit in southern Georgia, only a 
few miles from the Bainbridge fossil area. 

Sharp (1944) has called attention to the large number of mosses common 
to the areas north and south of the Mexican-United States boundary (142 
species). Of these thirty occur occasionally in southern Georgia. Outstand¬ 
ing examples are Campylopus fragilis, Campylopus gracilicaulis , Dicranella 
Herminieri , Dicranella Hilariana , Barbula Crugeri , Fissidens poly pod i aides, 
and Rhizogonium spiniformc . Seventy of these species are known from pen¬ 
insular Florida, many from almost every county. The hot, humid conditions 
which seem necessary for most of these tropical and subtropical mosses 
change rapidly as soon as the moderating effects of the Gulf of Mexico and 
the Atlantic Ocean are left behind. Only a few miles produce noticeable 
effects. 

There is not much conclusive evidence of the extension of northern spe¬ 
cies southward into the Coastal Plain; the transition is too gradual. Many 
species which are for the most part restricted to more northerly regions 
extend southward wherever conditions are suitable. Although Haplohy- 
menium triste occurs rather frequently in other southern states to the north 
of Georgia, it has been reported only twice in Florida and twice in southern 
Georgia. This makes it appear to be moving into the Coastal Plain (fig. 7). 
Platygyrium repens is another northern species found only occasionally in 
the southern Coastal Plain (fig. 8). This situation is probably true of many 
small plants. Too frequently oversight has been taken for absence. 

Few intensive studies of the distribution of a single species of moss have 
been made. If such material were available, many of our spot maps would 
show more continuous distribution from one section of the country to an¬ 
other. One of the best studies of this sort is that of Anderson on Tortula 
pagorum (1943), a species which, although spotty in occurrence, usually 
grows abundantly wherever it is found. Scarcity of elms in southern Georgia 
and Florida may account for its absence in those regions, although Anderson 
has found it growing on live oaks, pecans, and other ridged-barked trees 
in addition to its usual elm habitat. It reaches its maximum development in 
the Piedmont, but is sufficiently common in the Coastal Plain, where it 
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occurs erratically, to be rather striking. It has been collected in 12 counties 
in the Georgia Coastal Plain, and 154 stations in all are known for this 
species. 

Among the mosses with limited distribution not already discussed three 
others are interesting enough to receive comment. Fissidens subcrcnaius is. 
known from Puerto Rico (as F. pellucidus), from two stations in Mexico, 
one in Florida, and one in Georgia (Loundes County). In 1930 Roland M. 
Harper, who made this Georgia collection, also collected a new species, 
Rhynchostegiella g corgi ana, in a swamp about two miles south of Macon, 
in Bibb County, at the edge of the Coastal Plain; so far as 1 know this 
species is not known from any other station, Solmsiclla bisermta (as Fjrpo- 
dium biseriatum) was collected near Augusta by Sullivant in 1845, but has 
never been collected again. 

LIST OF SPECIES 

Nomenclature follows the lists of mosses and Sphagnum in the special 
check-list number of The Bryologist (vol. 43, Oct. 1940). Since no check list 
of species of mosses occurring in Georgia is available, county records are 
included. In a few instances this procedure could not be followed, for some 
of Dr. Grout’s collections from the Okefenokee Swamp bore no location data. 
These are marked simply 44 Okefenokee.” 


POLYTRlUllAUEAE 

Catuerinaea Macmillani Holz. Glynn, Grady, Thomas. 

Pogonatum brachyphyllum (Rich.) Beauv. Dodge, Loundes, Ran¬ 
dolph, Richmond, Thomas. 

Pogonatum pensilvanicum (Hedw.) Paris. Randolph. 

Polytrichum COMMUNE Hedw. Loundes, Okefenokee. 

FISSIDENTACEAE 

Fissidens adiantoides Hedw. Clay, Sumter. 

Fissidens Bushii Card. & Ther., Thomas. 

Fissidens minutulus Hull. Richmond, Stewart. 

Fissidens osmundioides Iledw. Decatur, Grady. 

Fissidens polypodioides Hedw. Grady, Thomas. 

Fissidens Ravenelii Hull. Grady, Thomas. 

Fissidens subbasilaris Hedw. Thomas. 

Fissidens subcrenatus Schimp. Loundes. 

Fissidens viridulus (Web. &Mohr) Wahlenb. Grady, Richmond. 

DITRICHACEAE 

Bbuchia Donnellii Aust. Thomas, Ware. 

Ditrichum pallidum (Hedw.) Hampe. Grady, Thomas. 

Pleuridium Ravenelii Aust. Richmond. 

Pleuridium subulatum (Hedw.) Lindb. Loundes, Richmond. 
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DICRANACEAE 

Campylopus fragilis (Dicks.) Bry. Eur. Okefenokee, Ware. 
Oampylopus gracilioaulis Mitt. Ware. 

Dicranella Herminieri Resell. Randolph, Thomas. 

Dicranella heteromalla (Hedw.) Schirnp. Glynn. 

Dicranella Hilariana (Mont.) Mitt. Loiuides, Randolph, Thomas. 
Dicranella varia (Hedw.) Schirnp, Loundes. 

Dicranfm condensatt t m Hedw. Camden, Richmond. 

LErCOBRYACEAE 

Leucobrycm albidcm (Brid.) Liudb. Brooks, Chatham, Glynn, Loun¬ 
des. Randolph, Richmond, Stewart, Walton, Ware. 

Leucobryum glaccpm (Hedw.) Schirnp. Ware. 

CALYMPEKACEAE 

Sykrhopodon floridan rs Suit. (Ikefenokee. 

Syrkhopodon ligplatI'S Mont. Clinch. 

Syrriiopodon tkxants Still. Loundes, Okefenokee. 

POTTIACEAE 

Barbcla Ckfgeri Solid. Grady, Dougherty. 

Tortella iifmilis (Hedw.) Jennings. Bibb. 

Tortfla paoorfm (Milde) DeXot. Applinjr, Bibb, Chatham, Emanuel, 
Jefferson, Liberty, Macon, Richmond, Sumter. Toombs. 

Wkisia yiridfla Hedw. Grady, Thomas. 

grim miaceae 

Ptychomitrifm Drimmondit Sull. Chatham, Richmond, Thomas. 
Rtychomitru'm iNcruvrM (Muhlenb.) Sull. Richmond, Tatnall. 

KPUKJVIERACEAE 

Epuemerfm megalosporfm (Aust.) Salm. Bibb. 

Ephkmkkfm serratcm (Hedw.) Hampe. Sumter. 


FFNARIACKAE 

Ffnaria flavicans Mx. Glynn, Richmond. 

Ffnaria uygrometrica Hedw. var. pattla Bry. Eur. Ware. 

Ffnaria serkata Brid. Bibb, Chatham. 

Physcomitrifm tcrbinatum (Mx.) Brid. Chatham, Richmond, Ware. 

splachnaceae 

Tetraplodon pen sylvan icfs (Brid.) Grout. Clinch, Cohpiit, Ware. 

ERPODIACEAE 

Solmsiklla biseriata (Aust.) Steere. Riebmond. 

ORTII OTKK'II A CEAE 

Schlotheimia Sfllivantii C. MiilL Brooks, Charlton, Effingham, 
Grady, Thomas. 
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bartramiaceae 

Philonotis longiseta (Rich.) E. G. Britton. Thomas. 

Philonotis glaucescens (Hornsch.) Paris. Grady, Thomas. 

bryaceae 

Bryum argenteum (L.) Hedw. Daugherty, Grady. 

Bryum capillare (L.) Hedw. Okefenokee. 

MIN ACEAE 

Mnium affine Bland. Thomas. 

KHISSOGONIACEAE 

Rhizogonium spjniforme (Hedw.) Bruch. Grady. 

hypnaceae 

Amblystegium varium (Hedw.) Lindb. Dougherty. 

Brachythecium salebrosum (Web. & Mohr) Bry. Eur. Tliomas. 
Campylium chrysopiiyllum (Brid.) Bryhn. Grady, Richmond. 
Chamberlainia acuminata (Hedw.) Grout. Chattahoochee. 

Climacium Kindbergii (Ren. & Card.) Grout. Wayne. 

Entodon Drummondii (Bry. Eur.) Jaeger & Sauerb. Thomas. 

Entodon seductrix (Hedw.) C. Mull. Dougherty, Glynn, Grady, 
Thomas, Wayne. 

Eurhynchium rians (Hedw.) Jaeger & Sauerb. Dougherty. 
Euriiynchium Rappii (Williams) Grout. Grady. 

Eurhynchium serrulatum (Hedw.) Kindb. Loundes, Thomas. 
Homalotheciella fabrofolta (Grout) Broth. Berrien, Thomas. 
Homalotheciella subcapillata (Hedw.) Card. Sumter. 

TIypnum cupressiforme Hedw. Thomas. 

IIypnum Patientiae Lindb. Thomas, Wayne. 

IIypnum pratense Koch. Wayne. 

Leptodictyum riparium (Hedw.) Warnst. Grady, 

Mittenothamnium dimintttivum (Hampe) E. G. Britton. Grady. 
Plagiothecium geopitilum (Aust.) Grout. Decatur. 

Plagiothecium micans (Sw.) Paris. Berrien, Charlton, Coffee, Grady, 
Loundes, Randolph, Sumter, Thomas, Ware, Wayne. 

Rhynchostegiella georgiana Dix. & Grout. Bibb. 

Sciaromium Lescurii (Sull.) Broth. Grady. 

Sematophyllum adnatum (Mx.) E. G. Britton. Charlton, Coffee, 
Grady, Loundes, Montgomery, Sumter, Tatnall, Thomas, Okefenokee. 

LESKEACEAE 

Anomodon attenuatus (Hedw.) Huben. Dougherty, Thomas. 
Anomodon minor (Beauv.) Lindb. Dougherty. 

Haplohymenium triste (Cesati) Kindb. Dougherty, Grady. 

Leskea australis Sharp. Dougherty. 

Thelia asprella Sull. Coffee, Tatnall Taylor. 

Thelia hjrtella (Hedw.) Sull. Dougherty, Grady, Loundes, Tliomas, 
Wayne. 
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Thitidium delicatulum (Hedw.) Mitt. Grady, Thomas. 

Tiiuidiitm microphyllum (Hedw.) Best. Grady. 

LEUCODONTACEAE 

Forsstroemia trtciiomitria (Hedw.) Lindb. Grady, Thomas. 
Forsstroemia triohomitrta (Hedw.) Lindb. var. immersa (Sull.) Lindb 
Grady, Okefenokee. 

CHRYPHAEACEAE 

Crypiiaea glomerata Schimp. Richmond, Sumter. 

FABRONIACEAE 

Clasmatodon pARvrLrs (llampe) Sull. Charlton, Grady, Thomas. 
Fabronia Ravknelii Sull. Richmond, Thomas. 

Sohwetsoiikeopsis denticulata (Sull.) Broth. Thomas, Okefenokee. 

FONT1NALACEAE 

Braoiielyma robustum (Card.) E. G. Britton. Colquitt, Jefferson, 
Laurens, Miller. 

Braoiielyma subulatum (Beauv.) Schimp. Chatham, Wayne. 
Fontinalis distioha Ilook. & Wils. Wayne. 

Fontinalis Sullivanti Lindb. Grady. 

Fontinalis daltoarlioa Brv. Eur. Dougherty. 

Sphagnaoeae 

Sphagnum ouspidatum Ehrh. var. serrulatum Sehliepli. Charlton, 
Clineli, Dodge. 

Sphagnum cyolophyllum Sull. & Lesq. Sumter. 

Sphagnum henryense Warnst. Charlton. 

Sphagnum macrophyllum Bernb. Charlton, Sumter. 

Sphagnum magellaniuum Brid. Charlton, Ware. 

Sphagnum palvstre L. Chatham, Coffee. Decatur, Richmond, Screven, 
Sumter, Tift. 

Sphagnum portokioense llampe. Charlton. 

Sphagnum reourvum Beauv. Brooks, Coffee, Laurens, Randolph, Rich¬ 
mond, Ware. 

Sphagnum strictum Sull. Charlton, Dodge, Ware. 

Sphagnum subseoundum Noes. Brooks. 

Florida State College for Women 
Tallahassee, Florida 
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THE EFFECT OF COLCHICINE AND ACENAPHTHENE IN 
COMBINATION WITH X-RAYS ON PLANT TISSUE—III 1 

Michael Levine 

ACENAPHTHENE 

In another study made on the root-tips of the “ Yellow (llobe” variety of 
A. cvpa the effects induced by exposures to aeenaphthene were examined. 
This substance has been reported by Kostoff (1938a, b, e) and others as hav¬ 
ing an effect on nuclear divisions similar to if not greater than that of colchi¬ 
cine. It seemed of interest to study the effect of this chemical on growth and 
to determine its value in combination with x-rays. Several experiments with 
this agent were made concurrently with the colchicine studies. In one experi¬ 
ment 12 bulbs were germinated for 8 days and then placed in a saturated 
solution of aeenaphthene for 48-50 hours. The root-tips were irradiated with 
900r and then returned to water. Non-x-rayed acenaphthone-treated bulbs 
and a few chemically untreated ones were kept as controls. The treated bulbs 
were studied microscopically after their return to water for 13 days. A study 
of the acenaphthene-treated bulbs showed that the swellings induced by this 
chemical after an exposure of 48 hours were slight, and in most of these ex¬ 
periments the roots failed to retain the hypertrophies after the bulbs were 
returned to water for three or four days. Sections of these root-tips were 
studied and brief reference will be made to these preparations below. In both 
the acenaphthene-treated controls and the acenaphthene-x-rayed bulbs many 
of the roots became water-soaked ami flaccid, although it appeared that new 
roots had been formed (fig. 6). Outgrowths of the 48-hour-aeenaphthene- 
x-rayed roots were small and became completely arrested (bulbs 21, 29, 30) 
five days after their return to water, while the bulbs treated with aeenaph¬ 
thene alone (bulb 9) showed marked growth, although the swellings on the 
long roots were barely distinguishable. Compared with those obtained with 
colchicine at the concentrations used here, the reactions were much slower 
and weaker. 

In another experiment fifteen onions were germinated in water for seven 
days, after which six were placed into 0.01 per cent solution of colchicine, six 
in a saturated solution of aeenaphthene, and three were chemically untreated. 
After 48 hours of exposure to the substances, the roots of three bulbs from 
each group, with two of the untreated bulbs, were irradiated with 3000r. All 
the bulbs in the series were then returned to water. Samples from each group 

i Previous parts of this study appeared in Bull. Torrey Club 72: 563-574; 73: 34-59. 
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were photographed after their return to water (fig. 37). Bulb 3 was colchi- 
cinized and irradiated, bulb 6 was eolehicinized only, and bulb 13 was irradi¬ 
ated only. Bulb 11 was immersed in acenaphthene and irradiated, bulb 9 was 
treated with acenaphthene only, while bulb 15 was untreated. The irradi¬ 
ation was administered, as already described, for 30 minutes at lOOr per 
minute. 

A comparison of the colchicine-treated and acenaphthene-trcated bulbs 
six days after their return to water (bulbs 6, 9) showed strikingly the dif¬ 
ference in effect produced by these substances under similar conditions. The 
terminal outgrowths from the diminutive hypertrophies on the acenaphthene- 
treated roots were longer than those on the eolehicinized bulbs; secondary 
roots were formed from both. 

The growth-retarding effects were more pronounced after colchicine-irra¬ 
diation treatment than after acenaphthene-irradiation. Considerable elonga¬ 
tion of the root-tips occurred after the latter treatments (compare bulb 3 
with 11) when the bulbs were returned to water for 6 days. The roots on tin* 
irradiated control bulbs (bulb 13) elongated slightly and some secondary 
roots were formed. The water controls grew actively and formed numerous 
secondary roots (bulb 15). It appears obvious that acenaphthene is not so 
active as colchicine as a “tumor^-producing agent. The hypertrophies are 
small, but the division stages appear to be as numerous in both types of 
chemical treatment for a given exposure. The acenaphthene activity seems to 
be limited by the insolubility of the compound. Levan (1940) reached a sim¬ 
ilar conclusion. The need for covering the roots with the crystals before any 
gross visible action is induced detracts from the usefulness of this agent in 
these studies. 

Microscopic studies made of this series of root-tips confirmed the obser¬ 
vations reported above. In root-tips taken from bulbs irradiated with 3()00r 
after acenaphthene and returned to water for 13 days (fig. 38) the meristem 
was reduced in volume. It was represented only by a small collection of 
embryonic cells. A comparatively thick layer of collapsed cells covered the 
remaining terminal portion of the root. The terminal cells were empty. The 
plerome tissue was well differentiated and contained a number of viable cells 
in division stages. Normal spiral vessels were found in this tissue. The cor¬ 
tical cells api>eared normal and well differentiated. Root-tips from the irradi¬ 
ated eolehicinized bulbs showed more intense destruction than in the irradi¬ 
ated controls. The cells were more mature and larger, nuclei were densely 
stained although some appeared well differentiated. The number of viable 
cells appeared to bo smaller (fig. 39). More empty, highly vacuolate cells 
were found in the cortical parts of the root. The number of cells in the re¬ 
mainder of the meristem was small. Spiral vessels were not common but 
present. Cytologically, the aeenaphthene-treated and irradiated (3000r) 
root-tips appeared much like the root-tips irradiated only. 



104(il 


LEVINE: COLCHICINE AND X-RAYS 


169 


In another experiment the effects of colchicine and 1500r were contrasted 
with those of aeenaphthene and 1500r. The root-tips of 15 onions of the 
44 Yellow Globe” variety were used. Six bulbs were exposed to colchicine, and 
six to a saturated solution of aeenaphthene for 48 hours and three were 
chemically untreated. Seven of these bulbs (3 colchicine, 3 aeenaphthene, 1 
untreated) were irradiated with 1500r. After the irradiation, all bulbs were 
returned to water. The colchicinized bulbs recovered; new outgrowths ap¬ 
peared from the bulbous tips together with many secondary roots. The root- 
tips of the colchicinized and irradiated plants made no outgrowths or little 
protuberances from the hypertrophied tips; no secondary roots were formed 
(fig. 40). The root-tips treated with aeenaphthene for 48 hours and irradi¬ 
ated (1500r) resumed growth after having been returned to water for six 
days (fig. 40, bulb 25). This growth was not strikingly less than that of the 
aeenaphthene-treated bulbs without irradiation (fig. 40, bulb 23). The hyper¬ 
trophies were small and in both series were barely perceptible after their 
removal from water. It seems that the injury here was considerably less than 
with the colchicinized-irradiated root-tips. The aeenaphthene-treated and 
irradiated root-tips resembled more closely the root-tips which were irradi¬ 
ated only (fig. 40, bulb 28). A comparison between the colchicinized-irradi¬ 
ated and acenaplithene-treated and irradiated root-tips showed unquestion¬ 
ably that the former treatment delayed and impaired growth more actively 
than the latter. The roots of the non-irradiated non-chemieally treated plants 
(fig. 40, bulb 29) appeared longer than the others, they had been growing in 
water for 16 days. 

Microscopical examinations of those chemical-treated root-tips were made 
immediately before and after irradiation and after their return to water. 
The observations on these colchicine-treated bulbs were similar to those 
described above. The colchicinized-irradiated roots, examined 11 days after 
their return to water showed some destruction of their peripheral tissues, 
yet a center of viable meristematic cells was always present. In contrast with 
this stage the irradiated but chemically untreated root-tips were normal in 
structure four days after their treatment. Some cells were in division stages 
and no visible impairment of structure or function was seen (fig. 41). When 
roots from these bulbs were examined microscopically 11 days after their 
return to water, they had few dividing cells. Many peripheral cells were 
empty and the walls were deeply stained. The nuclei appeared to he con¬ 
tracted, although clearly differentiated. 

A number of fixations were made from the root-tips of aeenaphthene- 
treated bulbs (fig. 40, bulb 23). Metaphases were abundant and resembled 
those induced by colchicine (fig. 42). The cells, however, w’ere little hyper¬ 
trophied, which w T as in accord with the macroscopic findings. Four days after 
their return to water, the aeenaphthenized-irradiated bulbs showed few r , if 
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any, aberrant changes (fig. 43). The nuclei were in resting stages. Irregu¬ 
larly reconstructed or lobulate nuclei were not found. The effects observed 
in these preparations were less strikingly aberrant than those observed in 
colchicinized and 1500r treated roots after their return to water for the same 
period. 

Combined colchicine and x-rays were more injurious than either acenaph- 
thene ami x-rays or x-rays alone. The effects produced by aeenaphthene and 
x-rays combined were little different from those changes induced by x-rays 
alone. From these experiments it appears that the colchicine at the concen¬ 
tration and with the length of exposure used has some toxic effects; which, 
when followed by irradiation, produce permanent changes and lead to com¬ 
plete growth inhibition and possibly hasten destruction. Aeenaphthene in¬ 
duces mitotic stasis and seems to contribute little to the effect induced by 
x-rays. 

THE EFFECT OF LONG PERIODS OF GERMINATION 

It was pointed out that the onions used in the colchicine-x-ray studies 
described above were germinated in water from 3 to 12 days. At this time 
the roots had attained an average length of 3-4 cm. In the majority of ex¬ 
periments, the bulbs were kept in water for eight days before they were 
transferred to the colchicine solution. It was important to determine whether 
this period of germination influenced recovery from colchicine treatment. It 
was necessary to determine the effect of prolonged growth in water on the 
production of the colchicine tumors and on recovery. The effect of prolonged 
treatment with 0.01 per cent solution of colchicine on root-recovery was 
studied. The outgrowth from the hypertrophied root-tips which appeared in 
24-96 hours after colchicine exposure was used as one of the criteria of re¬ 
covery and viability. Forty onions of the “Yellow Ulobe M variety were 
selected at random. Their weights varied from 70 to 140 g. These bulbs were 
set in black-coated glass cylinders filled with tap water on Sept. 26, 1941. 
These bulbs were examined daily, and the cylinders were rinsed daily in hot 
water and refilled with cool tap water. 

Bulbs 1-16 were kept in water for eight days (table 1) and then trans¬ 
ferred to other cylinders filled with 0.01 per cent aqueous solution of colchi¬ 
cine. Bulbs 17-32 were grouped in pairs and kept in water for 12 days. Be¬ 
ginning at this time a pair of bulbs was transferred to the colchicine solution 
on each succeeding day until the exposure to colchicine varied from 1 to 14 
days. After a given colchicine exposure, the bulbs were washed and returned 
to fresh water. Bulbs 33-40 inclusive were grown in water uninterruptedly 
during the time. The number of roots produced by each bulb was not counted 
but variations were observed. All the colchicine-treated bulbs produced 
hypertrophied root-tips. These bulbous tips varied in size in proportion to the 
cross section of the root-tip. The roots which were grown in water for 15-19 
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days before colchicine was applied formed long attenuated roots; their col- 
chicinized root-tips were small, thin spindle-shaped swellings. When the eol- 
chicinized bulbs, 1-16, were returned to water, the resumption of growth 
from the bulbous tip occurred in all but two. These were bulbs 10 and 11 
which were in colchicine eight and nine days respectively. In the entire series, 

TABLE 1. Viability of roots of Allium cepa var. Yellow Globe as affected by du¬ 
ration in water and length of exposure to 0.01% aqueous sola, of colchicine , recovery tested 


by return to water. 







Growth of tip resumed 

Bulb number 

lu water, days 

In colchicine, days 

in water after col- 


chicine, days 

1 

8 

4 

±36 

2 

8 

4 

± 8 

3 

8 

5 

4- 6 

4 

8 

5 

± 6 

5 

8 

6 

±10 

0 

8 

6 

+ 6 

7 

8 

7 

+ 6 

8 

8 

< 

± 6 

9 

8 

8 

± 4 

10 

8 

8 

-16 

n 

8 

0 

-16 

12 

8 

0 

4- 4 

n 

8 

10 

±10 

14 

8 

10 

4- 7 

in 

8 

; ii 

+ 0 

16 

8 

! n 

± 8 

17 

12 

1 i-' 

: 4 - 9 

18 

12 

; 12 

-4 10 

39 

13 

, 12 

4- 8 

20 

13 

1 1- 

± 6 

21 

14 

12 

± 7 

<>2 

14 

12 

± 7 

23 

15 

13 

-13 

24 

15 

13 

-4 4 

25 

16 

14 

± 2 

26 

16 

14 

4 - 2 

27 

17 

3 

4 - 8 

28 

17 

3 

+ 8 

20 

18 

o 

-14 

30 

18 

o 

-14 

31 

10 

1 

*4 2 

32 

10 

1 

-14 


- No resumption of growth. 

± Outgrowth from bulbous tip. 

six bulbs failed to show recovery; bulb 23 which was in water for 15 days 
and in colchicine for 13 days showed no outgrowth from the bulbous tip 13 
days after it had been returned to water. Of the six bulbs 27-32, retained in 
water for 17-19 days followed by a short exposure of colchicine, three failed 
to resume growth. These roots appeared to be viable. While their growth 
activity was not measured it was apparently little. Secondary roots had 
already formed on these plants before they were placed in the colchicine. 
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When plants 1-16 were discarded on Oct. 28, only bulb 12 had produced 6 
leaves. The bulbs at that time were all firm and free from any visible mycotic 
disease. Most of the bulbs had new roots while bulb 10 was poor in that 
respect; its longest roots were 7 cm. and no secondary roots had been formed. 
Bulb 11 produced a moderate number of roots which attained a length of 
15 cm. Bulbs 17 and 18 were discarded on Nov. 2. No leaves had been pro¬ 
duced by then; the length of the greater number of their roots measured 15 
pm. The remaining bulbs were discarded when they had remained 14 days 
in water after the colchicine exposure. The bulbs were firm and had a mod¬ 
erate number of roots, some of which had produced a number of secondaries. 
No leaves were formed. On Nov. 6, 1941, the control bulbs were firm and 
had no leaves. They all had long white roots with an abundance of secondary 
ones. The length of the greater number varied from 15 to 35 cm. The capacity 
of these bulbs to form roots was tested by removing all the roots and replac¬ 
ing them in water. A new crop of roots was formed and maintained their 
growth to Dec. 12, 1941, when the experiment was discontinued. 

THE EFFECT OF LONG PERIODS OF COLCHICINE 

In another experiment 24 bulbs of the same variety were kept in water 
from 8 to 28 days. Beginning with the 9th day, two bulbs were exposed to 
colchicine; on the 12th day two more bulbs were transferred to colchicine, 
and on successive alternate days the same treatment was given to two more 
bulbs (table 2). Those bulbs that were kept in water for a short period were 
given long exposures to colchicine. Long exposures to water were accompanied 
by short treatments in colchicine. The results showed clearly that the roots 
exposed to 0.01 per cent colchicine from 15 to 20 days failed to resume 
growth. The hypertrophied root-tips remained macroscopicallv unchanged. 
The roots, however, were not dead, for secondary roots appeared on all 
bulbs, from two to three days after their return to water. In the tests in 
which the bulbs were kept in water for 20-28 days and exposed to colchicine 
2-12 days, the growth of the hypertrophied tips began in from one to three 
days. Bulbs 23 and 24 had long attenuated roots with small hypertrophies. 
The bulbous tips had apparently very little growth-power and showed only 
slight elongations of the tips two weeks after they had been returned to 
water. Secondary roots, when immersed in colchicine, formed hypertrophies 
too, proportionate to their diameters. 

It is evident that the solution of colchicine used in the above experiments 
and the period of germination used before microscopical studies were made, 
had no effect on the viability or the growth-capacity of the roots. Ft is evi¬ 
dent, too, that while colchicine inhibited growth, some toxic invisible effects 
were produced in addition to those which interfered with spindle formation 
and regular chromosome division. Exposure to colchicine for more than 12 
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days inhibited growth of the root. The ability to form secondary roots was 
not disturbed. 

A study of these bulbs was made to determine the effects of 0.01 per cent 
aqueous solution of colchicine on the number of the roots produced during 
treatment anil after their return to water. The number of roots was counted 
at four periods (table 3); at the end of eight days of germination, immedi¬ 
ately before exposure to colchicine, immediately after exposure, and finally 

TABLE 2. Viability of roots in Allium cep a var . Yellow Globe as affected by dur¬ 
ation in water and length of exposure to 0.01% aqueous soln. of colchicine } recovery tested 
by return to water. 





Growth of tip 

Secondary roots 

Bulb 

hi water, 

I u colchicine. 

resumed in 

formed in water 

number 

days 

days 

water after 
colchicine, days 

after colchicine, 
days 

2 

s 

20 

- 14 

SR + 3 

3 

8 

20 

-14 

SR + 3 

4 

12 

18 

-14 

SR + 2 

5 

12 

18 

- 14 

SR + 2 

7 

14 

17 

- 14 

SR+ 2 

S 

14 

17 

-14 

SR-f 2 

in 

SR 10 

15 

-14 


11 

SR 10 

i r> 

- 14 


12 

SR 10 

15 

-14 


13 

SR 18 

14 

+ 4 ; 


14 

SR 18 | 

! 14 

-14 


13 

SR 20 j 

12 

-14 


lb 

SR 20 

12 

+ 3 


17 

22 i 

10 

i ± 3 

SR 4 2 

IS 

oo 

10 j 

1 + 3 

SR 4-2 

111 

SR 24 i 

0 

+ 1 


20 

SR 24 

0 

+ 4 


21 

SR 20 

4 

+ 3 


22 

SR 20 

4 

+ 4 


23 

SR 28 

o 

± 14 i 


24 

SR 28 

! 2 

+ 14 



■f- Elongation of bulbous root tip. 
± Outgrowth from bulbous tip. 

- Xo recovery. 


14 days after return to water. The weights of the bulbs were determined 
before the experiment began, but the number of roots formed after the 
eight-day period siiowed tiiat this factor influenced root-production little. 
Bulbs 11, 12, and Id, for instance*, weighed 70 g. before exposure to water 
and produced d(), 05, and 70 roots respectively after eight days. Bulb 24 
weighed 90 g. and produced 40 roots in the same period. Marked variations 
were recorded at the period before the bulbs were immersed in colchicine. 
Bulb 22 produced 44 roots during the first eight days, while after 26 days, 
before the colchicine was used, it had 101 roots. In nearly half the bulbs an 
increase was shown in the number of roots after the colchicine exposure. The 
increase in root numbers was beyond the range of error. In Id bulbs, there 
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was no change or a slight decrease in the number of roots. On bulbs 8, 15, 
16, and 21 there was a considerable decrease in the number of roots. This 
may be attributed to the death of the root followed by complete disintegra- 

TABLE 3. The effect of 0.01% aqueous solu. of colchicine on the number of roots of 
Allium cepa var. Yellow Globe . 

N—new T—turgid V —flaccid Ex—fixed 


Number of roots 


Bulb 

number 

In water 

In colchicine 

14 days in 
water after 
colchicine 

Analysis 

N T F F: 


days 

8 


20 






1 



39 


66 

59 

o 

45 

6 

6 

0 



37 


43 

41 

8 

20 

12 

1 

3 



26 


52 

63 

4 

55 

o 

k> 


days 

8 

12 

18 






4 



40 

40 

40 

i 48 

13 


9 

4 

5 



43 

43 

58 

| 46 

5 

37 

4 

0 


days 

8 

14 

17 






i 



39 

44 

58 

57 

2 

40 

13 

k> 

8 



25 

43 

33 

50 

i 15 

32 

3 

1 


days 

8 

16 

16 






10 


1 

30 

40 

46 

52 

0 

29 

21 


11 



30 

37 

37 

37 

3 

31 


i 

12 



65 

93 | 

93 

93 

n 

60 

26 

6 


days 


18 

14 






13 




70 

68 

| 76 

»> 

i 

65 

8 

1 

14 




67 

! 95 

! 79 ; 

4 

67 

8 

1 


days 


20 

12 






15 




56 

1 .“58 

38 

6 

17 

15 

0 

16 




38 

| 31 

28 

0 

OkJ 

6 

0 


days 

8 

22 

10 






17 



40 

47 

! 49 

61 j 

17 

38 

6 

(l 

18 



28 

48 

L _52._ 

!_ 4 i_ 

i _ 

29 

3 

.» 


days 

8 

24 

' 6 






19 



22 

54 

56 

66 

15 

48 

o 

1 

20 



66 

95 

97 

90 

3 

70 

12 

5 


days 

8 

26 

4 






21 



55 

oo 

W 

51 1 

59 

12 

26 

15 

6 

22 



44 

101 i 

102 1 

96 I 

0 

74 

19 

3 


days 

8 

28 

*> 






23 



48 

62 1 

62 

64 

7 

46 

8 

3 

24 



40 

78 1 

78 | 

66 

! 18 

37 

9 

o 


tion due to other factors and not to colchicine only. The count made 14 days 
after the bulbs were returned to water showed some variation; eight bulbs 
showed an increase in the number of roots formed. An actual number of 
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viable roots would include the new roots, the turgid long roots, and those 
fixed for microscopic examination. The number of flaccid, water-soaked roots 
varied from 2 to 26 roots x>or bulb. The number of new roots formed varied 
from 2 to 18. It was clear that the long exposure of the roots to water with 


TABLE 4. Viability of roots of Allium cepa as affected bp duration of exposure to 
0.01% aqueous soln. of colchicine followed by x-rays and return to water. 

Bulbs wen* grown in water for 8 clays before treatments began. 


Bulb number 

In colchicine, 
hours 

Secondary root 
formation, days 

Growth from 
bulbous tip in 
water after 
colchicine, days 


Group A 1500r var. Yellow Globe 


25 

18 

23 

+ 25 

2(5 

18 


4 21 

27 

18 

18 


28 

18 i 


+ 21 

29 

18 


+ 21 

no xr 30 

18 

8 

+ 21 

no xr 31 

18 

10 

±24 


Group B 1500r var. Yellow Globe 


33 

36 


t 25 

34 

3(5 


i 

35 

36 


1 - 21 

3(5 

36 


! + 21 

37 

! 36 


+ 21 

710 xr 38 

36 

20 

+ 21 

no xr 39 

36 

20 

| ±21 


Group A 1500r var. Brigham Yellow Globe 


1 

48 


E- 

»i 

48 


- 

3 

48 

j 

E- 

4 

48 


1 

0 

48 



no xr 18 

48 

i ^ 

i ± 


Group 1 > 3000r var. Brigham Yellow Globe 


7 

48 


i 

8 

48 



9 

48 



11 

48 


~ 

12 

48 



no xr 14 

48 

4 

± 3 


+ Slight extension of root from bulbous tip. 

± Continued outgrowth of root from bulbous tip. 

- No outgrowth from bulbous root-tip, 30 days. 

E Extension and elongation of root tips. 

short exposure to colchicine had no more effect on the number of roots pro¬ 
duced than long exposures in colchicine coupled with short exposures to 
water. The number of roots produced by a bulb is probably a genetic factor. 
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Colchicine, in the concentration used, inhibits growth, and water restores 
this growth ability. 


VIABILITY OF ROOTS AFTER COLCHICINE AND X-RAYS 

The roots ot* the “Yellow Globe” and the “Brigham Yellow Globe” 
varieties were also studied as to their ability to recover from the colchicine 
and x-ray treatments. The bulbs were germinated for eight days and then 


TABLE 5. The number and length of roots of Allium vvpa var. Yellow Globe before 
and after exposure to 0.01 % aqueous soln. of colchicine and x-rays. The bulbs were placed 
in water on 11.3.41. Group A was exposed to colchicine on 11.11.41 for IS hours; irradi¬ 
ated on 11.12.41 and returned to water. Group B was exposed to colchicine on 11.11.41 for 
36 hours; irradiated on 11.13.41 and returned to water. 

c J —colchicine—18 hours e*—colchicine—36 hours x—irradiation 1500r 11 min. 

T—turgid F—flaccid Fx—fixed 




Number of roots 

i 

Maximum length of roots 

Bulb 

number 

treatment 

8 days 
in water, 
cm. 

8 days after 
colchicine 
and irradi¬ 
ation, cm. 

27 days after 
colchicine 
and irradi 
at ion, cm. 

T F Fx 

After col- j 
chieine, j 
before j 
iradiation, i 
cm. j 

22 days 
after 
colchicine 
and 

irradiation, 

cm. 

30 days 
after 
colchicine 
and 

irradiation, 

cm. 

Group A 








6x 

35 

I 42 

33 

9 7 

l t.r> 

12 

13.5 

32x 

44 

1 36 

48 

10 13 

ii 

11 

11 

25c 1 x 

37 

i 53 

64 

3 3 

11 ! 

12 

16 

26c’x 

26 

j 27 

36 

4 2 

11.5 

10 

9 

27c x x 

35 

67 

44 

4 8 

15.5 

16 


28c’x 

47 

55 

60 

2 12 

12 

13 

1 15 

29c'x 

33 

: 33 1 

39 

4 4 

14.5 

13 

j 14 

80c 1 

36 

49 

37 

8 5 

13.5 

IS | 

19.5 

31c 1 

34 

46 

s 89 

2 5 , 

1 11 

39 

20 


Group B 


7 days 

26 day 

8 


21 days 

29 day 

9x 

35 

27 

33 

7 

18 

13 

15 

15 

40x 

66 

81 

67 

6 

14 

19 

20 

18 

33c°x 

72 

71 

8Q 

9 

7 ! 

12.5 

32 

13 

34c*x j 

25 

18 

35 

4 

5 

15.5 

16 

16 

35c 1 * 

23 

25 

29 

4 

i> 

33 

13 

| 13 

36c*x 

57 

59 

44 

3 

7 

13 

12 

33.5 

3 7 c 2 x 

79 

69 

58 

11 

32 

9 

10 

11 

38 c 2 

75 

104 

98 

37 

6 

13 

15 

20 

39c 3 

33 

36 

49 

4 

3 

11 

23 

28 


exposed for 18, 36, or 48 hours to colchicine, which was followed by an 
exposure of 1500r or 3()00r (see table 4). The “Yellow Globe” exposed for 
18 and 36 hours showed some limited growth of bulbous root-tips, while the 
non-x-rayed bulbs showed more extensive growth after their return to water. 
The “Brigham Yellow Globe” exposed to colchicine for 48 hours showed 
some slight extensions or elongation of the bulbous tips after an exposure 
to x-irradiation of 1500r but no growth or elongation was noted after 3000r 
exposure. These observations were made 30 days after their return to water. 
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A study was made of the number and maximum length of roots in the 
“Yellow Globe” and “Brigham Yellow Globe” varieties. These results are 
tabulated in tables 5 and 6. On bulbs 6x and 32x (table 5, Group A) irradi¬ 
ated only with 1500r the longest roots did not increase in length, but the 
number of roots increased. The colchicine and irradiated group, 25c 1 x-29c 1 x, 
recovered temporarily; the new outgrowths were small, most of them ineasur- 


TABLE 6. The number and lenpth of tools of Allium eepa var. Briqham Yellow 
Globe before and after exposure to 0.01% aqueous soln. of colchicine and x-rays . The 
bulbs were placed in water on itt.lb.41: exposed to colchicine on lttJ7.il; irradiated on 
lttJO.41 and returned to water. 

c—colchicine—48 hours x 1 —irradiation 1500r—15 min. x*—irradiation 3000r—30 min. 
T—turgid F—flaccid Fx—fixed 


Bull) 

number, 

treatment 

Number of roots 

Maximum length of roots 

j 

8 (lavs 
in ! 
water i 

21 clays 

S after 
i treatment 
! T F Fx 

j 

i 

8 days 
in 

water 

2 days 
after 

colchicine, i 
before ' 
irradia- ; 
tion, cm. 

4 days 
after 
irradia¬ 
tion, cm. 

! 

12 days 
after 

! irradia¬ 
tion, cm. 

19 days 
after 
irradia¬ 
tion, cm. 

Jcx 1 

43 

‘ 39 0 3 

11 

11 

12 

10 

10 

2 c x* 

55 

37 15 7 

10 

11 

11 

11.5 

31.5 

Hex 1 

02 

40 4 7 

9 

10.5 

10.5 

9.5 

10 

4ex* 

50 

52 10 10 

13 

14 

14 

13.5 

14 

flex 1 

24 

14 8 2 j 

13.5 ! 

15 

14 

12.5 

11.5 

fix* 

23 

36 0 8 

11 

13.5 

16 

15 

12 

3 Ox 1 

23 

33 7 7 

10 

13.5 

13 

12 

13 

7 ex 2 ! 

til ! 

25 30 3 

13 

12.5 

14 

13 

14 

Sex® 

31 i 

29 14 3 

14 

14 

15 

11 

31 

ilex 2 | 

ti(i j 

34 9 20 

13 

14 

13 

12 

12 

Ilex* 

62 i 

32 14 7 

10 

11 

11 

11 

11 

12cx fl 

59 


10 

10 




13x* 

44 

14 18 7 

10 

13 

10 

10 

10 

17x 2 

24 

29 6 7 

13 

15 

10 

11 

10 

14c 

40 

46 S 8 ! 

12 

14 

15 

18 

18 

1 He 

46 ! 

60 0 7 j 

14 

14 

14.5 

17 

17 

10 

11 


12 

12 

10.5 

12 


15 

16 j 

24 5 0 

11.5 

14 

18 

16 

19 


ing 0.5 cm. or less. The bulbs 30c 1 and 31c 1 treated with colchicine showed 
greater increase in length and number of roots. The inhibiting influence of 
the combined effects of colchicine and x-rays was not entirely overcome even 
after 30 days in water. 

In Group B, 33c 2 x-37c-x, in which the colchicine treatment lasted 36 
hours and was followed by x-irradiation with 1500r, the number of roots 
increased slightly while the length of the largest roots increased little. On 
bulbs 9x and 40x, 26 days after their return to water, the number and length 
of roots increased. The bulbs treated with colchicine only (38c 2 and 39c 2 ), 
however, showed the largest increase in number and length of roots. 

Colchicine treatments which lasted 48 hours and were followed by irradi¬ 
ation of loOOr and 3000r were also studied and recorded in table 6. There 
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was a slight diminution in the number of roots after the treatment with 
colchicine and with the higher dosage of x-rays. There appeared also to be 
a large number of flaccid roots in this group. Bulbs irradiated only, Sx 1 and 
16x\ gained in number of roots, while 13x 2 showed a slight decrease in the 
total number of roots present and bulb 17x 2 showed a gain. The eolchicinized 
bulbs 14c, 18c, gained in root number and root length. The roots of bulbs 
treated with colchicine and x-rays combined measured slightly less in length 
than the roots of the bulbs irradiated only. The latter gained slightly in the 
19-day period over the 12-day period, while with the large dosage of x-rays 
used, no increased growth was evident. This colchicine-x-ray group lost 
length. In the above studies the loss in average length of root was due to the 
fact that the long roots, apparently the older ones, which were used as a basis 
for comparison, were the first to die. It seemed that the length and number 
of roots of bulbs treated with colchicine for 48 hours followed by irradiation 
with 3000r were impaired more by this treatment than by the x-rays alone. 

SUMMARY AND (CONCLUSIONS 

1. The above report deals with the combined effect of a 0.01 per cent 
aqueous solution of colchicine and x-irradiation on the root-tips of Allium 
cepa, varieties “Yellow Globe” “Brigham Yellow Globe.” 

2. Fifteen series of experiments were made, each using from 6 to 40 
bulbs. 

3. Tlie gross effects of this solution of colchicine on the root-tips of those 
bulbs were studied and compared with microscopic examinations after 
periods of exposure varying from G to 200 hours. 

4. The root-tips of onion bulbs were studied in the gross and microscopi¬ 
cally especially after 18, 24, 36, 48, 72, and 120 hours of exposure to colchi¬ 
cine of a constant concentration followed by exposures to one of three doses 
of x-rays, 900r, 1500r, and 3000r. The combined effect was studied shortly 
after irradiation and at various periods after the return of the bulbs to 
water. Untreated eolehicinized bulbs, and bulbs x-rayed only, were used as 
controls and studied concurrently in each series of experiments. 

5. The effect of colchicine exposures for more than 48 hours followed by 
irradiation of 900r prevented growth of the root-tip,* 48-hour exposure to 
colchicine with 1500r induced similar results. Exposures of 48 hours com¬ 
bined with 3000r prevented further growth of the root-tip. With the shorter 
exposures to colchicine, 18, 24, 36 hours, and 1500r, the hypertrophied tips 
produced only a limited growth which became arrested from five to seven 
days after their return to water. 

6. Irradiation with 900r, 1500r or 3000r impaired growth; the time for 
recovery was less than that required for the combined effect of colchicine 
and x-rays. 
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7. A study of length and number of roots of the bulbs treated with col¬ 
chicine for 18, 36, 48 hours followed by irradiations of 1500r or 3000r was 
made. The viability of the roots was tested by returning: them to water. Root- 
tips treated with colchicine alone resumed growth in from 72 to 96 hours. 
Those irradiated only resumed growth more slowly. The colchicine-x-rayed 
roots failed to resume growth. 

8. Exposure of the roots to the colchicine solution for 28 days appeared 
only slightly toxic. The hypertrophies of the root-tip when returned to water 
still showed evidence of recovery by new growth from the small bulbous 
tips. Roots grown in water for long periods and exposed for from 24 to 48 
hours in colchicine reacted with hypertrophies proportional to the area of 
the cross section of the root-tip. 

9. Cytological studies of the root-tips were made of normal untreated 
roots from 3 to 12 days after exposure to water; from 6 to 200 hours after 
exposure to colchicine; and after various periods which began immediately 
before their return to water and continued to 14 days after the colchicine 
and x-ray exposures were made, ltoot-tips irradiated only were fixed before 
and after the treatment. The fixations began from one to two hours after 
irradiation and at daily intervals thereafter up to 14 days. The cytological 
observations on these root-tips after colchicine combined with x-rays were 
consistent with the measurements made on root number and root lengths. 
These root-tips showed slower recovery as evidenced by fewer divisions found 
in these roots as compared with those x-rayed only. 

10. The cytological phenomena which immediately resulted from the col¬ 
chicine-x-ray treatments were more intensified clumping, fragmentation, and 
extrusion of chromosomes. There appeared to be some visible effects on the 
resting nuclei in that the chromatic material was distributed near the unclear 
membrane leaving a clear area about the nucleoli. Twenty-four hours after 
irradiation, no division stages were found. Three or four days after the treat¬ 
ment, the cells irradiated only began to divide, while those that received the 
eolchieine and x-rays combined showed few nuclear divisions. The nuclei 
became homogeneously stained; the meristem was interspersed with many 
highly vacuolated cells. 

11. These cytological studies do not favor the view that the greatest num¬ 
ber of cellular injuries occurred when irradiations were made at the time 
when the metaphase stages were most abundant. The colchicine appeared to 
sensitize the cells to x-rays at the time when nuclear reconstruction began, 
which occurred about 48 hours after the exposure to colchicine was started. 

12. Onion roots covered with crystals of acenaphthene and exposed to a 
saturated solution of this chemical produced only small hypertrophies after 
48 hours and little or no gross visible changes after shorter exposures. The 
effects on nuclear and cell divisions, however, appeared similar to those pro- 
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dueed by colchicine. The combination of aeenaphthene and x-rays in which 
900r, 1500r, and 3000r were used followed closely the results obtained with 
x-rays alone. 

13. “Colchicine tumors” arc not analogous to animal neoplasia or plant 
overgrowths induced by bacteria or growth substances. 

14. The combination of an exposure of f)()0r and a treatment with 0.01 
per cent aqueous solution of colchicine for less than 72 hours, or 1500r and 
48 hours of colchicine, are most effective in arresting growth of fundamen¬ 
tal plant tissues such as the root-tip of the onion. 

15. It is suggested that more intensive studies be made with, this drug 
combined with x-rays on tumors of animals and man. The fact that some 
animal tumors and simple but normal plant structures show delayed growth 
after such treatment makes it necessary to obtain suitable concentration of 
colchicine followed by a selective dose of x-rays which will tend to inhibit 
and to destroy cancerous tissue without interfering with normal life proc¬ 
esses of the host. 

Laboratory Division, Montefiore Hospital 
New York 
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REMARKS UPON CERTAIN HAWAIIAN LABIATAE 
AND COMPOSITAE 

Earl Edward Sherff 

In a recent issue of this magazine ( 72 : 25-30. 1945), there appeared from 
St. John’s pen a contribution touching in great part upon certain Labiatae 
and Compositae that had been treated previously by me. Various assertions, 
these sometimes direct and sometimes by implication or innuendo, were made 
touching my monographic studies of Hawaiian plants. For thirty years (but 
more intensively for the past fifteen) I have taken an active interest in these 
monographic studies and have produced from time to time papers detailimr 
their results. It now appears advisable, therefore, to set forth for future 
users of these results a somewhat detailed reply to Dr. St. John’s paper. 
This indeed seems imperative in view especially of such words as: 4 ‘the now 
numerous, hurried revisions of Hawaiian genera by Sherff. These treatments 
and keys have proven to be the despair of students of the Hawaiian flora.” 
That these revisions are now numerous must perhaps be admitted, but is due 
in large part to the almost unparalleled cooperation of botanists and botani¬ 
cal institutions in Europe, the United States, and the Hawaiian Islands. 
The important specimens by Hillebrand, (iaudichaud, Nuttall, Beechey, 
Chamisso, Hock, Faurie, Forbes, Degener, and practically all other collectors 
of Hawaiian plants were placed at my disposal, often for as much as from 
three to six years. 1 To say that St. John is warranted in terming these revi¬ 
sions “hurried,” however, would seem to imply considerable intimacy on his 
part with the conditions under which the work was carried on. This is the 
more surprising when we consider, that much of the time since 1929, when 
he first took up residence in the Hawaiian Islands, he has been removed 
several thousand miles from Chicago, the seat of my botanical activity. Tt 
seems preferable to believe, rather, that he has found himself vexed by the 
inadequacy of some of these revisions (surely some cannot be otherwise until 
our herbaria become more richly supplied with specimens) and accordingly 
used the first word that came to mind. It may be insisted before going 
further, however, that the revisions were never “hurried.” Fortunately, all 
of my Hawaiian researches have been privately conducted on my own time, 
with no compulsion or inducement from any outside source whatever to do 

1 As illustrative of this cooperation, more than twenty-five years ago Charles N. Forbes 
and liis associates at the Bishop Museum in Honolulu assembled and sent to me a vast 
collection of Hawaiian Bidens material, in which ten new species were found (cf. Field 
Mus. Bot. Ser. 16: 11. 1937). 
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a “hurried” piece of work. Consequently, any matters observed or assumed 
by St. John to merit criticism in the finished product should be otherwise 
explained. Certain such matters will now be noticed. 

LABIATAE ' 

Under the new combination Stenogyne mollis (Sheriff) St. John, is given 
(p. 25) a discussion of the predecessor name S. rugosa var. mollis Sheriff. 
Reasons are stated for elevating the variety to specific rank. Reasons for not 
doing so are omitted. To properly understand any of the latter that may 
exist, it should be remembered that the Hawaiian Islands are geographically 
much isolated and in turn abound in individual, often very small localities 
of great isolation. There is remarkable endemism. Many of the species 
studied by competent monographers have been found to have numerous 
varieties. Ofttimes these varieties, if viewed separately, will appear to be 
distinct species and indeed may differ mutually more than do some generally 
recognized species elsewhere. When all are assembled side by side, however, 
they are seen to form a very logical species-complex (“Formkreis”). It 
actually happens that in some cases important supravening, connecting links 
seem to have vanished in recent years from the Hawaiian flora ; at least they 
have not been found for many decades and are known today only through 
herbarium specimens (Euphorbia Rcmyi A. Gray ex Roiss., the species 
proper, and E. mulliformis II. & A., the species proper, being examples). 
One becomes sorely tempted to relegate such links to the realm of paleo¬ 
botany, and proceed with a fresh delimitation of species. He can seldom be 
sure, however, but what one or more of the lost (or shall we say missing) 
links will yet be found to have escaped destruction and to have reappeared 
to press its claims. In my own revisions of Hawaiian plants, 1 have chosen 
always to base specific and varietal concepts, therefore, upon the fullest 
assortment of specimens to be had, regardless of whether or not they repre¬ 
sented entities known to be still living. 

To return to Staiogync rugosa: After making virtually a monographic 
study of Strnogynr many years ago, Asa Gray (Proc. Am. Acad. 5: 848. 
1862) wrote of this species: “Variat, 1. fere omnino (corolla exeepta) gla- 
berrima, laevis, sen pedieellis calvcibusque hirsutulis: 2. hirsutula vel liis- 
pidula, foliis nunc rugosis asperulis: 3. pube brevi molli induta, verticillastris 
6-10-floris.” It is the third form that was the basis of my var. mollis. The 
second form was referred by me (op. cit. 66) to S. rugosa proper. It was 
because of this somewhat intermediate 2 form's existence that I preferred to 
treat the third form not as a distinct species, but rather as a variety of <8. 
rugosa , namely var. mollis* 

2 Intermediate as to pubescence. 

s Certain characters (of uniformity of pubescence, of caiyx-lobe length and shape, 
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Under Stenogync rugosa Benth., St. John places as synonyms 8. rngosa 
var, subulata Sherff and 8. kaalae var. coriacea Degener & Sherff, following 
these with a discussion. My own discussion now follows. In 1872, Wawra 
described 8. koala* (Flora 56: 556), although Thomas Nuttall had long 
before collected it on Oahu and given it the unpublished name, Phacopm 
montam (a specimen in Herb. Kew; cf. Benth. in DO. Prodr. 12: 556. 1848, 
nom. nud.). Hillebrand accepted Wawra’s species, and rightly so. Among 
other characters noted for it was the very exceptional one that the pedicels, 
when several at a node, were * 4 often joined in a short common peduncle.” 
Until the recent description b.y Degener of Stenogyne Shcrffli (Brittonia 5: 
58, fig . 1 . 1943), tf. koalas was the only species of Stenogyne known with this 
character. In the sister genus Phyllostegia previously monographed by me 
(Bull. Bish. Mus. 136: 12-59. 1935), only the one species P. glabra , together 
with its varieties, was known with a like character (although recently a 
second such species has been described, namely P. Yamaguchii IIos. & Deg.. 
Oecas. Papers Bish. Mus. 14: 27-29, fig. 1. 1938). Somewhat prior to 1935. 
two suites of Stenogync specimens, Degener 5371 and 5389, were studied and 
found to display the axillary peduncles previously known in Stenogync 
only for 8. kaalae. These were then named S. kaalae var. comm/ Degener 
& Sherff. In my monograph I cited a lone herbarium for each suite since the 
rest of the specimens had not yet been distributed b> Degener to other her¬ 
baria. In the place of official publication (Deg. FI. Haw. Isis. Sept. 13, 1935). 
however, it was stated that duplicates were 4 ‘in the Degener Herbarium, in 
that of the New York Botanical Garden, and in several other leading her¬ 
baria in America and Europe.” 4 Hence it can be seen that there was more 
than pure caprice of fancy to dictate our treatment of the two Degener suites 
as a variety of 8. kaalae. 

In making his interpretation of var. coriacea , St. John apparently over¬ 
looks not only the importance of the frequently pedunculate inflorescence 
character but also the fact, clearly indicated long ago by Hillebrand and 
later by myself, that the number of flowers per whorl is not constant. Thus 
Hillebrand wrote: “Verticillasters or whorls generally [italics mine] 2-flow- 
ered” versus “whorls generally [italics mine] 6-, but also 4-, 8-, or 10- 

etc.) stressed by St. John for his Stenogync mollis fail badly on extended examination of 
specimens. 

It is interesting to note that as recently as 1943, Skottsberg, writing on Dr. Sven 
Perggren’s collection of Hawaiian Vascular Plants (Hot. Notis. 1943: 368), retained my 
mollis as a variety and described under it a new forma mollissimn. Moreover, a plant col¬ 
lected by himself (his no. 621) and previously cited by me for the var. mollis , was de¬ 
scribed by him (doubtless from a duplicate of the specimen actually studied by me) as 
“more like ordinary rugosa” in the “texture of leaf and size of corolla.” 

4 Unfortunately the artist who delineated the sketch for Degener’a Flora Hawaiiensis 
did not bring out the peduncles clearly, although he did show one very clearly on his 
original draft. 
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flowered.” 3 EarJ.y in my study of Stenogyne it seemed that a key might be 
improved by avoiding such a basis of separation, because of its lack of sharp- 
ness. As the investigation proceeded, however, it became obvious that Hille- 
brand’s method was probably as sound as would be found in the present 
state of our knowledge. Accordingly it was adopted. 0 

St. John’s reduction of my Stenogyne rugosa var. subulata to S. rugosa 
may be considered here for the moment. S. rugosa was described by Bentham 
(Hot. Reg, sub pi, 1292, Tribo 6, num. 88. 1830) from Macrae’s plant (Kew) 
and the calyces wore said to be acutely dentate (“calyeibus aridis acute 
deutatis”). Bentham later (in DO. Prodr. 12: 556. 1848) had seen an addi¬ 
tional plant by Menzies and rewritten his description of the calyces to read, 
“4-5 lin. longi, dentibus ovato-lanceolatis obtusis, 2 infimis brevioribus sed 
profimdius fissis.” He added that the leaves were oblong (“foliis . . . ob- 
Jongis”). Ilillebrand (FI. Haw. Isis. 355. 1888) excluded S. rugosa from the 
portion of his key beginning “Calycine lobes linear or subulate” but placed 
it rather under the portion beginning “Oalyeine lobes not linear.” Hille- 
brand described (op. cit. 356) the leaves as “ovate to ovate-lanceolate” and 
recorded that the trailing branches bore narrower leaves than did the erect 
ones. In my monograph (p. 66) I likewise described the leaves as “ovate to 
ovate-lanceolate.” The calycine lobes I called “more or less lanceolate” and 
“acute.” They should perhaps be described as “obtuse to acute” for some 
are indeed too broad to rank as acute. St. John finds fault with my key to 
the varieties and ends, as already stated, with reducing var. subulata to 
synonymy with the species proper. Unfortunately he limits his basis of study 
to certain specimens which 1 had cited for each entity. Not all of the material 

r * Under the first alternative he keyed S. kaalcu * and under the second, S. ruyosa. 
Unfortunately, the peduncle often visible in S. laalae and its variety can be noticed of 
course only in the cases that, depart, from the more common ones by having 4 or even 6 
flowers per whorl. 

h At one point (p. 29), St. John expands upon the art of making keys. We read: “The 
making of keys is an art, well mastered by some botanists but not by others. The excel¬ 
lence of the key is a good test of the finished quality of taxonomic work.” Experienced 
monographers will of course not be deceived by the underlying innuendo of such lines. 
Generally speaking, “excellence of the key” is easy to secure for simpler and better 
understood genera and often difficult for the others. Moreover, it must be borne in mind 
that many of the genera monographed bv me for the Hawaiian Islands were considered 
“the most difficult and intricate Hawaiian genera” by no less an authority than Otto 
Degeuer (Brittonia 5: 08 . 1943). Indeed, souie of them ( Euphorbia , Labordia, Pitta- 
sporum, etc.) had been persistently shunned by other workers because of the apparently 
insuperable difficulties involved. It would seem then that any dissertation, however brief, 
upon the subject of keys might well include additional considerations. We may charitably 
suppose that, such considerations never occurred to 8 t. John's mind. At all events, the 
difficulties encountered in certain of my keys to the more “difficult and intricate Hawaiian 
genera.” were of necessity present, and at times to a greater degree, in earlier keys by 
such pioneers as Asa Gray and William Ilillebrand. It seems too bad that these great men, 
long since dead and unable to utter a word in their own defense, must be thought of to-day 
as within the scope of St. John’s censure. 
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cited by me for 8. rugosa and the var. subulata is now accessible but most 
of the specimens reexamined separate readily enough if more attention is 
paid to the shape of the calyx-lobes, these tending to be, for var. subulata , not 
only “mostly exceeding the tube ’ 1 (as stated in my key) but narrower and, 
at least above, “very sharply subulate” (as pointed out in my description). 
It seems probable that I erred in my monograph in referring some material 
(e.g., Degencr 5393) to the species proper instead of to the variety subulata , 
thus confusing the situation all unintentionally for St. John. (It may be 
pointed out that St. John’s study was not said to be a field-study but rather 
a reexamination of some specimens that had been cited by me.) It is to be 
hoped that other students may study the two forms in the field to see if 
indeed they are inseparable as stated by him. 

compositae 

St. John discusses my treatment (Hull. Bish. Mus. 135: 83-108. 1935) of 
of the genus Dubautia Gaud., particularly that of D. plantaginea and my 
variety of it, var. Chamisstmis. He adduces what to him seem reasons for 
construing var. Chamisstmis as synonymous with the species proper and 
forthwith equates the two. In the same paragraph, however, he renames the 
species proper, in its varietal sense, “var. typica St. John var. now” If it 
be assumed that my var. Chamissonis was indeed the typical I> plantaginea , 
it is difficult to understand his inventing the new name typica for the variety 
already validly named Chamissonis. It is especially difficult since on an 
earlier page in the same paper (p. 22) St. John assures us all that “today 
we do taxonomic work in conformity with the detailed articles and recom¬ 
mendations of the International Rules of Botanical Nomenclature.” No¬ 
where do the International Rules permit such random replacement of once 
validly published names for any status. 7 

A reexamination of the herbarium evidence, together with a painstaking 
reading of St. John’s discussion, leaves me entirely unconvinced, however, 
that he has proved his case against var. Chamisstmis as a variety apart from 
typical D. plantaginea. (1) I had said that D. plantaginea proper was 
“known only from the island of Lanai.” St. John remarked, speaking of 
the voyage on which the type of the species itself had been collected, that 
“the Urania Voyage did not visit Lanai, so Gaudiehaud could not have col¬ 
lected a species restricted to the mountains of the island.” There was no 
warrant for his use of the word “restricted.” As all advanced workers on 
the Hawaiian flora are aware, a certain proportion, not large to be sure, of 
the species or varieties found on Lanai are not “restricted” to that island 

7 The wisdom or unwisdom of establishing a fresh varietal name sucli as typica, as 
in this case, is not here under discussion. In the name of consistency, however, it does 
seem only fair that avowed devotees of the International Rules note concisely and openly 
those provisions of the Rules that they refuse to accept. 
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but occur ou one or more of the other Hawaiian Islands. Many of these 
entities are of very local distribution and with the advent of increased popu¬ 
lation, introduction of domestic animals, etc., are exterminated on one or 
more of the islands. 1). plantaginca proper is doubtless an example of this. 
Anyway, since Gaudiehaiul did not tell from which island his type had come 
and since the only more or less matching material available today was col¬ 
lected on Lanai, 1 could not well have cited the “known” present-day dis¬ 
tribution differently. 8 (2) St. John refers to the only two collections (Munro 
48 and Munro 271) that J had cited for 1). plantaginea in addition to the 
original type collection by Gaudichaud and stresses that they show traces 
of disease and injury. His implication seems to be that the distinguishing 
alternate (or in one case “subopposite”) arrangement of the principal (i.e., 
lowermost) branches of the inflorescence is teratological. 1 have before me. 
however, a large photograph (my negative no. 2756) of an original Gaudi¬ 
chaud specimen (in Herb. Leri. and formerly studied by me) and this has 
the inflorescence with definitely alternate principal branches as portrayed 
in Gaudichaud’s type plate, but shows no evidence whatever of injury or 
disease The fact, therefore, that modern Lanai material, even though some¬ 
what teratological in its somatic tissues, exhibits the unique alternate ar¬ 
rangement observed originally in the Gaudichaud type collection, would 
seem to connote more than trivial value for this character. Nor in all the 
cited material of my var. Chamissonis , several specimens of which had been 
affect (d likewise by injury or disease , did 1 find any specimens where the 
principal branches of the inflorescence had been induced to depart from 
their opposite or essentially opposite arrangement. (J) St. John cites (p. 27) 
an apparent “oversight” on my part in my omission of Lanai as one of the 
islands on which var. Chamissonis grows, although 1 cited specimens for 
that island; also (p. 28) my including Kauai, Maui, and Hawaii in my 
“carelessly handled" statement of “geographic range” when no specimens 
from those islands were cited. My revision of Dubautia was published, it 
may be observed, by the Bishop Museum in remote Honolulu and a number 
of such errors crept into the final text as it was going through the press and 

**Skottsberg, in a paper not cited by St. John (Meddel. Gbteborgs Bot. 15: 508. 1943), 
rejected my var. Chamissonis partly because of reasoning akin to St. John’s regarding 
Lanai, and partly because of having found some specimens (Skottsbery fitib'S) where the 
branches of the second pair were alternate. Touching this latter consideration, it need 
hardly be observed that a vast proportion of generally recognized varieties among vascu¬ 
lar plants would have to be discarded if the existence of an occasional intergradation were 
to be accepted as the guiding criterion. 

»Of. Skottsberg (Meddel. Goteborgs Bot, Tradgfird 2: 276. 1926). Skottsberg had 
studied this Berlin specimen, lie wrote*. “According to Gaudichaud the branches of the 
panicle are alternate, and so they are in this specimen which is, however, rather excep¬ 
tional in this character.” It will be noted that Skottsberg recorded no impression or sus¬ 
picion that any injury or other teratological effect was involved. 
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being considerably overhauled at Honolulu to adapt it more exactly to the 
Bishop Museum’s preferred style. Several very definite alterations in ar¬ 
rangement of text were made by the editorial assistants (such as shifting 
the “Distribution” paragraph to the end of the respective treatment), thus 
increasing the liability for error. I was afforded no opportunity to recheck 
the final page proof. It would seem, therefore, that St. John, himself a 
botanist and botanical adviser in editorial matters at Bishop Museum (even 
at the time my monograph was being dissected and “edited”), would be 
exceedingly cautious about attributing such errors to the author’s owui care¬ 
lessness. However, in the ten years that have since elapsed, I have noted in 
my privately annotated copy all such errors as soon as detected. It is planned 
to publish a list of such errata later on. All additions to this list, from what¬ 
ever source, will be welcomed. (4) In my monographic treatment of Dan- 
bautia , as the reader may have inferred, I separated var. Chammonis as 
having “principal branches of panicle opposite” and D. plantaginea proper 
as having “principal branches of panicle alternate.” I had seen several 
specimens of the former in which, at one or two lower nodes of the inflores¬ 
cence’s axis, one of two opposite branches had been stunted or actually 
broken off (although both of the subtending leafy bracts remained!), giving 
very superficially a slight semblance of alternate branching. St. John cites 
five collections having “the lower one to three nodes producing alternate 
branches.” Since three of his five cited collections {Fosberg 3007 , Fosberg 
10363 , and Garber 140) had been carefully studied by me (the two Fosberg 
numbers are now' before me) and been found to be illustrative of this trifling 
departure, 1 cannot be seriously impressed with his reasoning. Surely his 
conclusion (p. 28) that alternate branching of the inflorescence “does not 
appear significant” will need much better evidence than he has offered. 10 

10 It may be remarked that here (to judge from the three* cited specimens seen by 
me) he has seized upon abnormalities of development in var. Chamissonis , these at times 
emphatically teratological, to justify a'synonym!zing of var. Chamissonis with typical 
D. plantaginea. And yet on an earlier page (p. 27), as we have already noted, he has 
sought to explain away the value of alternate principal (i.e M lowermost) branches of the 
inflorescence on the two modern specimens of J). plantaginea cited by me for Lanai, by 
stating that they had “injured main stems, and reduced panicles produced on the weak 
secondary branchlets. ’ ’ Thus teratology or mere accidental injury 9 as the case may be, 
is now to be welcomed , now to be abhorred in the evaluation of diagnostic criteria. But 
the case is less hopeless than it might seem, for St. John does admit the reliability of 
Gaudichaud’s full-page plates. He says: “On gross detail they are excellent ,'* He con¬ 
cludes that Gaudichaud was portraying a full-sized inflorescence, not one “from weak 
secondary branchlets, as in the two cited by Sherff. ' ' Of course, Slierff cited the only two 
modern specimens known to him as seeming to match the species proper, and was in no 
wav to be blamed for their collector's having selected the somewhat injured sprays that 
he did. But even if we exclude these two plants by Munro from consideration, the hand¬ 
some Gaudichaud plate and the Berlin specimen above referred to, both with all branches 
of the inflorescence and their subtending bracts regularly spaced in alternate arrange¬ 
ment, can in no way be said to show teratology, so there seems little point to much that St. 
John says. 
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(5) St. John follows his attack upon my treatment of Dubautia plantaginea 
with a further paragraph (p. 28): “The only remaining differences men¬ 
tioned by Sherff are: I), plantaginea having the leaves ‘at base more or less 
widened and clasping the stem’; var. ChamissonUs having the leaves ‘more 
or less narrowed toward base and semiamplexieaulous. ’ This sounds like the 
recognition of a broad leaved and a narrow leaved variant. Close study of 
the many cited specimens and of others shows no difference whatever. The 
qualifying phrase ‘more or less’ seems to make the words widened and nar¬ 
rowed, quite meaningless, as used by Sherff.” It is difficult to understand 
how any competent taxonomist could fail to note at once the broader bases 
of the principal leaves on 7). plantaginea. proper. Indeed, Asa Gray (Proc. 
Am. Acad. 5: 335. 1861) criticized Gaudichaud’s plate of D. plantaginea 
proper for having the leaves “much too broad at the base.” That was per¬ 
haps a pardonable error for Gray to make in his day, since the specimens 
in herbaria at his time were almost exclusively the ones with narrower leaf- 
bases and later separated by me as var. Chamissonis. In an effort, however, 
to learn if possible what basis might exist for St. John’s criticism, I have 
reexamined all available material of var. Chamissonis. 1 find that this 
variety occasionally has a stunted shoot with the leaves crowded together at 
the base of a flowering branch or at the end of a sterile branch. In such cases 
the leaves may have broad bases. On flowering branches of normal develop¬ 
ment, however, i.e., with average-length internodes among the leaves, the 
leaf-bases are commonly narrow. 

St. John cites the portion of my key in which I). plantaginea and its var. 
Chamissonis are separated from the var. angustifolia, once described by me. 
He then remarks: “Neither a first nor a repeated reading of those lines will 
reveal any tangible key characters. A key should single out diagnostic dif¬ 
ferences, but this one fails to do so.” Much will depend. I fear, upon who 
reads the key. It must be emphasized that the cited key was written seriously 
for sincerely minded botanical workers and went as far in its characteriza¬ 
tions as the facts at hand and the state of our knowledge of the genus at 
that time seemed to warrant. To quote a portion of the text repeated by St, 
John: 

“a. Principal leaves . . . commonly 1-3.4 cm. wide. . . . 
a. Principal leaves . . . 0.7-1.3 (rarely -1.6) cm. wide . . . var. y angustifolia. ’ 9 

Tt seems to the present writer that any unbiased student would deem 1.3 or 
even 1.6 cm. maximum width for the leaves a tangible key character as 
against 3.4 cm. Unfortunately one specimen (Fosbcrg & Dnker 8795) cited 
by me for var. angustifolia had the larger leaves and doubtless should have 
been referred to var. Chamissonis. But the other cited specimens were defi¬ 
nitely narrow-leaved. It happened that for the var. anguustifolia I had to 
rely more often upon a single specimen of any one collection, rather than 
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upon a large suite of specimens (sometimes totaling 30 or 40 or more in the 
case of plants collected by Otto Degener and his associates). There was thus 
less opportunity to study a range of leaf-width variations. It is my present 
judgment, however, after a reexamination of the present collection at the 
Chicago Natural History Museum (including large photographs of several 
specimens previously cited by me from elsewhere), that var. angustifolia 
will probably stand as a good variety. This despite St. John’s reduction of 
it, as of var. Chamissonis, to synonymy with I), plantaginea. We may note 
in passing that St. John (p. 29) makes much of my words for var. angusti- 
fdlia , “bracts (leaves) more elongate’’ and denies that this is so. Reference 
to my original description of the variety (Am. Jour. Bot. 20: 616. 1933) 
shows that these four words were absent, as they rightly should have been. 
How they came to be inserted in my monograph when it was printed by 
Bishop Museum 1 do not know. They are of course wrong and I cannot 
believe that they were a part of my own manuscript, long since destroyed. 
We may note, further, that St. John (p. 29) complains that “var. angusti¬ 
folia has no distinct geographic range.” In the Hawaiian Islands, endemism 
is many times pronounced and there result many separate, restricted geo¬ 
graphic ranges. A study of ranges thus becomes a major consideration in the 
delimitation of new taxonomic entities. It has always played an important 
part in my own studies of Hawaiian genera. It is not, however, the only 
consideration, nor even the greatest. Morphology is after all more important 
and unless subsequent study by other observers reveals a noteworthy incon¬ 
stancy in the narrow-leaved character for var. august if alia , the variety’s 
status as such surely will have been vindicated. At this point it may be re¬ 
marked that while my cited material of var. angustifolia consisted mostly 
of unicates, my cited material of var. Chamissonis (with which St. John 
equates it for the moment) included several, often large suites of specimens 
(e.g., Degener 4325, 7 specimens; Degener 4333 , 12 specimens; Dcgener 
4337, 4 specimens; Degener cb Park 4338, 2 specimens; Degener & Park 
4342, 9 specimens). In these suites (numerous additional specimens of which 
w r ere left uncited by me and returned to Degener for later distribution with 
his other exsiccatae to various herbaria), I failed to find any significant 
intergrading in leaf-width character with var. angustifolia. 

In my revisional treatment of Duhautia, I had included var. strigosa 
Skottsb., citing the islands of Oahu, Maui, and Hawaii for the geographic 
distribution. St. John (p. 30) separates the Oahu material as a new variety, 
pauoaensis, and the Maui material as a new variety, glandulosa . It is not my 
intention now to express opinion upon the validity of these two newly pro¬ 
posed varieties. It should be stated, however, that Skottsberg (op. cit. 277) 
had already noticed the Maui plants, but construed them as merely a form 
of his then new ? var. strigosa. Thus he wrote: “A very similar form (Fig. 
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7 e~g) was collected by Ilillebrand on E. Maui, s. slope of Haleakala. . . . 
It differs from most specimens seen, of both species and variety, in the 
smaller number of flowers, only 5 to 6 or sometimes 7, against 7-9 which 
is the common number.” Curiously, Skottsberg and St. John both examined 
and cited Ilillebrand’s material from East Maui, yet Skottsberg noted only 
the fewer florets per head and St. John (who made no mention of Skotts¬ 
berg’s earlier observation) omitted this character entirely but stressed 
mainly the smaller involucral bracts. By way of explaining my own mono¬ 
graphic treatment of var. strigosa in its broader sense, I may add here a 
few brief remarks. Skottsberg was at that time (1935) easily the best known 
authority upon the genus Dubautia , having made extensive collections of 
Dubnutia in 1922 (some seven years before St. John’s residential study of 
the Hawaiian flora began) and again in 1926, and having published consid¬ 
erable text, illustrated with three series of excellent sketches (op. cit., 276- 
281, figs. 7 <s c/-/, and ft (i-y). 1 was much impressed with his appraisal 
of the East Maui plant as “a very similar form,” apparently not meriting 
a distinct status. I naturally attributed to the lone Oahu collection cited by 
St. John for his new var. pauoaensis (Rock 215) a comparable value and so 
retained it, as well as the East Maui plant, under var. strigosa Skottsb. 
Chicago Teachers College 
and 

Chicago Natural History Museum 
Chicago, Illinois 
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THE GILIA AGGREGATA GROUP 

Edgar T. Wherry 

Elongated clusters of bright red trumpet-flowers on two-foot stalks 
clothed below with lacy foliage attract the attention of layman and natural¬ 
ist alike in many parts of the western United States. Exhaling a mephitic 
odor, these plants are inacceptable to grazing animals, and may become 
abundant even in well-pastured areas. They are known locally as “ruby 
honeysuckle,” “scarlet bugler,” or “skyrocket”; the Indians, 1 among other 
names, used “timpiute.” A specimen was collected in what is now Idaho by 
the Lewis and Clark expedition in 1806, and named by Pursh in 1814 “Can- 
tua aggregata,” but the current assignment is to a section I pom ops is of the 
genus Gilia. To obviate the need for publishing numerous new combinations, 
this is followed here, although the generic independence of Jpomopsis may 
some day be accepted. 

The “timpiutes” vary markedly from place to place in stature, pubes¬ 
cence, leaf-segment outline, length and extent of union of sepals and petals, 
shape of sepal- and petal-blades, color of petals—from deepest red to purest 
white,—and length of stamens. Some taxonomists consider all the variants 
to constitute a single species with multiple subdivisions, while others sepa¬ 
rate the complex into several species. 2 

The principal exponent of the multi-species viewpoint was Greene, who 
in his writings of 1905, 1906, and 1914 recognized no less than twelve. His 
diagnoses were, however, brief, and did not always correspond closely to the 
features of the type specimens. In contrast, Brand in 1907 erected a complex 
“Systema speciei” comprising 2 subspecies, 2 varieties, 2 subvarieties, and 
3 forms. He classed many of Greene’s entities as equivalents of previously 
known ones, but as he paid little attention to original descriptions or type 
specimens his conclusions are not dependable. Since sweeping reduction of 
epithets to synonymy is likely to obscure interesting relations between mor¬ 
phology and geography, all which have been validly published are accorded 
a place in the present treatment. 

1 Indian names and uses of these plants are discussed in: Train, ct al., Medicinal uses 
of plants by Indian tribes of Nevada. Contr. Flora Nevada No. 33, Publ. Div. PI. Expl. 
Intr. Bur. PI. Ind. U. 8. Dcp. Agr. pt. 2: 76. 1941. 

2 The generalization by Jepson in Flora Calif. 3(2): 174 (1943), that “Gilia aggre 
gata is an extremely constant species in vegetative organs and in the character of its 
flowers” is difficult to reconcile with its segregation by various workers into 15 or more 
species. It can easily be refuted by close examination of the sheets in the Gilia aggregata 
folders in any herbarium. 
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Field and herbarium study of the group soon showed that there are 
several geographic trends, exhibited especially in calyx and corolla char¬ 
acters. In spite of the existence of occasional intermediates, then, the recog¬ 
nition of more than one species seemed desirable. The members with rela¬ 
tively slender corolla-tube and pale corolla-hue proved to be separable into 
four entities differing in corolla and/or calyx characters; and those with 
flaring tubes of bright red hue into three more. The epithets applicable to 
these are: aggregate, for the most widespread; arizonica for a Nev.-N.M. 
endemic; aitenuata for a chiefly northern assemblage; bridgesvi for a Calif, 
endemic; Candida for a Colo.-N.M. one; tennituba for a Great Basin as¬ 
semblage; and texana for a dominantly southern assemblage. More or less 
intergradation admittedly occurs between these, especially where ranges 
overlap; it seems to be largely the result of hybridization. To attempt to 
allow for it nomenelatorially would yield aggregations of epithets too com¬ 
plex for practical use. 

The nomenclatorial and taxonomic procedures followed in recent papers 
by the writer are continued here. Subspecies are assigned trinomials without 
interposed category designation. The only other infra-specific category rec¬ 
ognized is that of form; these are referred to primarily by vernacular de¬ 
scriptive terms, although epithets applied to them by previous workers are 
recorded. Species and infraspeciflc epithets are decapitalized, no matter 
what their derivation. 

An annotated alphabetical list of the epithets which have been applied 
to the members of the group under discussion is now given; new combina¬ 
tions are placed in bold-face, earlier ones proving acceptable in italic or 
small capitals, and rejected ones in ordinary type, enclosed in quotation 
marks. To save repeating long references, Greene’s Leaflets of Botanical 
Obsecration and i 1 riticism is abbreviated to “Leafl.” and Brand's Mono¬ 
graph on Pulcnioniaceac in Bugler’s Pflanzenreich IV 250 to “Pol.” 

In describing organs showing coalescence of parts the customary pre¬ 
evolutionary method of statement, e.g., “calyx cleft to ^ its length,” is 
avoided. Instead, the extent of union of sepals and petals is given, their free 
parts being then termed the blades. 

For duplicate sheets bearing the same number as the holotype the term 
replicate is used instead of the more familiar “isotype.” The latter implies 
that a collector or distributor has seen to it that multiple sheets with a given 
number carry specimens of the very same entity, whereas in critical groups 
like the Polnnonhweae this not infrequently fails to be done. 3 

Earlier botanists, according to Jackson’s Glossary, used isotype for ‘ 1 forms com¬ 
mon to different countries.” In 1919 Pennell, in Torreya 19: 13, redefined the term to 
signify sheets bearing the same number as the holotype. He pointed out that i ‘ such a 
term should emphasize the importance of all duplicates being thoroughly like the type”; 
but unfortunately there is no way to make this retroactive, nor to enforce its application. 
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EPTTHETS PROPOSED TN THE GILTA AGGREGATA GROUP 

(Comprising: Gilias of biennial duration, dissected leaves, thyrsoid inflo¬ 
rescence, and relatively large funnel-sal verform corollas of red, yellow, pink, 
or white hues, the petal-blades acuminate to obtusish.) 

aggregata (Pursh) Spreng. “Cantua aggregata” Pursh, FI. Am. Sept. 
1: 147. 1814; “Tpomeria aggregata” Nutt. Gen. N. Am. PI. (1): 124. 1818; 
Gilia aggregata Spreng. Syst. Veg. (16) 1: 626. 1825; “Batanthes aggre¬ 
gata” Raf. Atl. Jour. 1(4) : 145. 1832; “Collomia aggregata” Port, apud 
Rothr. Rep. U. S. Geogr. Surv. w. 100° 6: 198.1878; “Callisteris aggregata’’ 
Greene, Leafl. 1: 159. 1905; same, reinterpreted, ibid.: 224. 1906. The type 
specimen, Lewi*s t June 26, 1806, in the American Philosophical Society her¬ 
barium deposited at the Academy of Natural Sciences of Philadelphia, is a 
wretched scrap. Its herbage is pubescent with both copious minutely glan¬ 
dular and sparse long eglandular hairs. The sepals are 6 mm. long, and united 
| their length to a subcampanulate tube, the blade broad-subulate and short- 
aristate. The petals are red, and before drying were apparently about 20 mm. 
long and united $ their length to a moderately thick and flaring tube, the 
blade being lanceolate and acuminate. Stamens and styles are included, 
although Pursh J s characterization of the style as “brevissimo” represents a 
misobservation. Through inadvertence the locality was published as “On the 
banks of the Mississippi”; no doubt “Missouri ” was intended, but even that 
would have been in error; for the label reads “Hungry Creek.” This was a 
point on the Lolo Trail at latitude 46°30' longitude li5°10' in what is now 
Idaho, across the divide from the tributaries of the Missouri. 

arizonica (Greene) Rydb. “Callisteris arizonica” Greene, Leafl. 1: 160. 
1905; “Batanthes arizonica” ibid.: 224. 1906; “Gilia aggregata euaggregata 
subvar. arizonica” Brand, Pol.: 115. 1907; Gilia arizonica Rydb. Bull. Tor- 
rey Club 40 : 472. 1913; “G. aggregata var. arizonica” Fosb. Am. Midi. Nat. 
27 : 764. 1942. The type is from Flagstaff, Ariz. (35-12, 111-39), Mucrfougal 
148 , May 26,1891, in IT. S. Nat. Herb. Several other entities were distributed 
from that .locality by him. The entity represented by the type is character¬ 
ized by short broad sepal-blades, short corollas, and deeply included stamens. 

attenuata (Gray) Nels. “Gilia aggregata var. attenuata” Gray, Syn. 
FI. N. A. (2)1: 145. 1878; Gilia attenuata Nels. Bull. Torrev Club 25: 278. 
1898; “Callisteris attenuata” Greene, Leafl. 1: 160. 1905; “Batanthes at¬ 
tenuata” ibid.: 224. 1906; “G. aggregata euaggregata var. attenuata” 
Brand, Pol.: 115-116. 1907. The type is a specimen collected by Parry in 
1864 in Middle Park, Colo. (ea. 40-15, 106-15), in Gray Herb.; others of his 
collections there are different entities. The typical representative has the 
sepals about half united and a pale corolla with a short, slender tube and 
lanceolate-attenuate blades. 

(aurea.) “Gilia aggregata f. aurea” Macbr. & Pays. Contr. Gray Herb. 
49 : 64. 1917. Type from Martin, Idaho (43-31, 113-34), Macbr tile d* Pay son 
3082> July 7, 1916 in Gray Herb. This represents a yellow color-form which 
is occasional in southern Idaho and rare elsewhere. Having exserted stamens, 
it is to be assigned to: Gilia aggregata formoswima f. aurea (Macbr. & 
Pays,) Wherry, comb. nov. 
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“australis. ” This epithet, placed on labels by Heller, was merely cited 
as a synonym of his “(Jilin aggregata euaggregata subvar. arizonica” by 
Brand, Pol.: 115. 1907, so is not validly published. As type was designated 
a sheet of Macdovgal 52, June 4, 1888, from Flagstaff, Arizona (35-12, 
111-39), in Delessert Herb. Replicates in American herbaria bear specimens 
of G. arizonica , of G. texana , of G. aggregata , or of intermediates (hybrids?) 
between these. The epithet need not be validated. 

Gilia bridgesii (Gray) Wherry, comb, now “G. aggregata var. bridgesii” 
Gray, Proe. Am. Acad. 8: 276. 1870; “Gallisteris bridgesii” Greene, Leafl. 1: 
160. 1905; “Batanthes bridgesii” ibid.: 224. 1906; “G. aggregata bridgesii” 
Brand, Pol.: 115-116, 1907. Type from eastern Mariposa county, Calif, (ea. 
37-45,119-35), Bridges 174 , in Gray Herb. In the original description, Gray 
characterized the sepal-blades as “lato-subulatis irnrno deltoideis”; in the 
Kyn. FI. 2(1) : 145 (1878) he expanded this to “shorter and broader, from 
subulate-lanceolate to deltoid.” Brand rendered it simply as “breviter 
triangulares,” The type of sepal-blade to which they were referring is 
characteristic of species other than G. aggregata . However, the present 
entity differs from all other members of the group in lax habit, obtusish leaf- 
segments, narrowly deltoid barely awncd sepal-blades, and pink corolla with 
the petals united % to their length to a moderately slender tube. As it is, 
moreover, endemic in a restricted area in east-central California, Greene's 
view that it deserves species status is believed to be justified. Its closest rela¬ 
tive appears to be Gilia texana . which approaches its range on the northeast. 

Candida Rydb. Bull. Torrey Club 28 : 29. 1901 ; “Gilia aggregata euag- 
gregata var. attenuata f. Candida” Brand, Pol.: 115-116. 1907; “G. attenu- 
ata synonym” Coult. & Nels. Man. Rocky Mts. : 400. 1909. Type from La 
Veta. Colo. (37-30}. 105-00}), Vrrcland 602, 1900, whereabouts unknown. 
Cotypes are characterized by having the sepals united §-:f their length, the 
blades being at first rounded, then abruptly contracted to a broad-subulate 
aristate tip; and the white to pink corolla long, slemler-tubed, with elliptic 
(or according to Rydberg obovate) and obtusish petal-blades. These char¬ 
acters are regarded as sufficient to separate this entity from its nearest rela¬ 
tive, Gilia attenuata . It falls into two subspecies; the original one may be 
known as: Gilia Candida vera Wherry, nomen novum pro plantain origi- 
nariam. 

(eollina.) “Callisteris eollina” Greene, Leafl. 1: 159. 1905; “Batanthes 
collina” ibid.: 224. 1906; “Gilia aggregata synonym” Brand. Pol.: 115. 
1907; “G. attenuata synonym” Coult. & Nels. Man. Rocky Mts.: 400. 1909; 
“G. attenuata collina” Ckl. ex Dan. Fiiiv. Mo. Stud. Sci. 2(2) : 197. 1911. 
Type from (dear Creek, Denver, Colo. (39-49, 105-00), Greene , July, 1870, 
in Greene herbarium. This is not closely related to either of the species of 
which it has been made a synonym, but intergrades with a third, so is here 
classed as Gilia Candida collina (Greene) Wherry, stat. now It may repre¬ 
sent a hybrid with G. texana. See “G. greeneana/' below. 
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(elegans.) A figure published by Lindley, Bot. Reg. 15 : pi. 1281 (1829), 
under the name “Ipomopsis elegans,” represents not the eastern plant so 
named by Michaux, but the western Gilia aggregata formosissima. 

(euaggregata.) Gilia aggregata euaggrcgata Brand, Pol.: 115. 1907. In 
assigning the third epithet to the subspecies including the type, Brand gave 
no description. It is here accepted for material with the corolla-tube 20 to 30 
mm. long and the stamens included. 

(flavida.) “Callisteris flavida” Greene, Leafi. 1 : 160. 1905; “Ratanthes 
flavida” ibid.: 224. 1906; “Gilia aggregata synonym” Brand, Pol.: 115. 
1907. Type from Arboles, Colo. (37-01, 107-23A), Baker 532 in U. S. Nat. 
Herb.; this is a specimen of Gilia texarm with red corollas which faded more' 
or less to yellow in press. It may be known as Gilia texana f. flavida (Greene) 
Wherry, stat. nov. 

(formosissima.) “Callisteris formosissima” Greene, Leafl. 1 : 160. 1905; 
“Batanthes formosissima” ibid.: 224. 1906; “Gilia aggregata synonym” 
Brand, Pol.: 115. 1907; “G. formosissima” Woot. & Standi. Contr. II. S. 
Nat. Herb. 16 : 161. 1913. Type from southern Black Range, N. M. (32-55, 
107-45) Metcalfe 1318 , 1904, in U. S. Nat. Herb. As this differs from the 
original representative in having conspicuously exserted stamens, it is here 
made: Gilia aggregata formosissima (Greene) Wherry, stat. nov. Only sub¬ 
species status is admitted because there is complete intergradation in respect 
to stamen-length, and but little geographic segregation: exserted-stamen 
plants are more frequent westward, but may appear throughout the species 
range. 

“grecneana” Woot. & Standi. Contr. II. 8. Nat. Herb. 16: 161. 1913. 
This was put forward as a substitute for “Callisteris collina” Greene and 
would be accepted were the entity concerned taken up as a species of Gilia 
(there being a prior G. collina , belonging to another group). Only subspecies 
status is here recognized, however, and in that the epithet collina is available. 

(helleri.) “Gilia aggregata euaggregata subvar. helleri” Brand, Pol. 
115. 1907. Type from Lake Waha, Idaho (46-12, 116-50) Heller 3253 , in 
Boissier Herb. Replicates in American herbaria consist of variants of G. 
attenuata, with the stamens barely included to barely exserted. The entity 
deserves only the status: Gilia attain ala f. helleri (Brand) Wherry, stat. et 
comb. nov. 

(leucantha.) “Callisteris leucantha” Greene, Leafl. 1 : 160. 1905; “Ba- 
tanthes leucantha” ibid.: 224. 1906; “Gilia aggregata euaggregata var. 
attenuata f. Candida synonym” Brand, Pol.: 116. 1907; “G. attenuata syno¬ 
nym” Coult. & Nels. Man Rocky Mts.: 400. 1909. Type from Upper Bear 
Creek, Colo. (39—36J, 105-29) Greene , July 26, 1889, in Greene herbarium. 
This is a minor variant of the species with long well-united sepals, distin¬ 
guished only by its “oblong-acutish” petal-blade, so may become: Gilia 
Candida vera. f. leucantha (Greene) Wherry, stat. nov. 
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(macrosiphon.) “Gilia aggregata var % macrosiphon” Kearn. & Peeb. 
Jour. Wash. Acad. 29: 488. 1939. Type from Santa Catalina Mts., Ariz. 
(32-25, 110-45), Peebles et al 2522 , July 22, 1926, in F. S. Nat. Herb. This 
is related not to G. aggregata but to G. tenuituba; differing from the original 
representative of that only in the somewhat longer corolla, it should be 
classed as GUia tenuituba f. macrosiphon (Kearn. & Peeb.) Wherry, stat. et 
comb. nov. 

(maculata.) “Gilia aggregata var. maculata” Jones, Contr. W. Bot. 12: 
55. 1908. Type from Soldier Canyon, Chihuahua (30-15, 108-15), Jones , 
Sept. 16, 1903, in Pomona College herbarium. Being a minor color-variant, 
this may become: Gilia aggregata formosissima, f. maculata (Jones) Wherry, 
stat. nov. 

“pulchella” Dough ex Ilook. FI. Bor. Am. 2: 74. 1838; “Callisteris pul¬ 
chella” Greene, Leaf!. 1: 160. 1905; “Batanthes pulchella” ibid.: 224. 1906; 
‘‘Gilia aggregata synonym” Brand, Pol.; 114. 1907. Type from lower Spo¬ 
kane River, Wash. (47-53, 118-20), Douglas, 1825, in Kew Herb. The sole 
differentiating feature given in the original description is arachnoid pubes¬ 
cence. Although the writer once, in Graham, Ann. Carn. Mus. 26: 303 
(1937), accepted this as a species distinction, further study has indicated it 
to be of sporadic occurrence among glabrate material. It is accordingly here 
reinterpreted as Gilia aggregata euaggregata f. pulchella (Dougl. ex. Hook.) 
Wherry, stat. nov. 

“seariosa” Rydb. Bull. Torrey Club 31: 632. 1904; “Gilia aggregata 
synonym” Brand, Pol.: 115. 1907. Type from Veta Pass, Colo. (37-36, 105- 
12), Shear 2590, July 15,1896, in Britton Herb. This differs from G. Candida 
(the type of which came from the same vicinity) only in the petal-blades 
being lanceolate; the intersepaline membranes of all members of the group 
become more or less searioux in age. It may therefore become Gilia Candida 
vera f. scariosa (Rydb.) Wherry, stat. nov. 

(seopulormn.) “Batanthes seopulorum” Greene, Lead. 1: 224. 1906; 
proposed as a substitute for “Callisteris aggregata Greene, probably not 
Cantua aggregata Pursh.” Greene inferred that distinct entities were in¬ 
volved, in that Pnrsh’s type “came from the Pacific slope,” whereas Greene 
was referring to a plant “from the Rocky Mountain region eastward.” The 
geographic separation is much too slight to make species identity improb¬ 
able, so Greene’s proposal is rejected. 

tenuituba Rydb. Bull. Torrey Club 40: 472. 1913. Type from Beaver. 
Utah (38-17, 112-39), E. Palmer 329 , 1877, in Britton Herb. While closely 
related to G. attenuata , this has the longest corolla in the group, so deserves 
species status. 
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texana (Greene) Woot. & Standi. “Callisteris texana” Greene, Leafl. 1: 
160. 1905; “Batanthes texana’* ibid.: 224. 1906; “Gilia aggregata euaggre¬ 
gata subvar. arizonica equivalent” Brand, Pol.: 115. 1907; G. texana Woot. 
& Standi. Contr. U. S. Nat. Herb. 16: 161.1913; “G. aggregata var. texana” 
Johnston, Jour. Arnold Arb. 24: 95, 1943. Type from Guadelupe Mts., Tex. 
(31-55, 104-50) Havard , Sept., 1881, in U. S. Nat. Herb. This entity has 
been poorly described. Greene termed it “low,” but the type specimen is a 
broken portion of a tall plant; he characterized the calyx as “herbaceous,” 
but in mature flowers it is subscarious; and he classed the corolla as “small¬ 
ish,” whereas it is actually 35 mm. long:. Wooton & Standley, Contr. U. S. 
Nat. Herb. 19: 525 (1915), keyed it out as having: the “lobes of the calyx 
equaling: the tube,” although in the type specimen they are shorter. The 
corolla is bright red and flaring, with the stamens conspicuously exserted as 
in G. aggregata formosissima; but because of the different calyx,—sepals 
only 5.5 mm. long, united over half their length, the blades deltoid with 
subulate tip—it is here considered specifically distinct. 

(typica.) The epithet “tvpica” was used by Brand, Pol.: 115. 1907, in 
varietal status under Gilia aggregata euaggregata, although the data he gave 
were not in accord with the type specimen. This epithet was placed on the 
labels accompanying specimen No. 745 of the Plantae Exsiecatae Grayanae, 
but the material was not like the Pursh type, representing instead G. ari¬ 
zonica . 

(utahensis.) “Gilia aggregata euaggregata var. attenuata f. utahensis” 
Brand, Pol.: 115-116. 1907. Type from Alta, Utah (40-35*, 111-38), Jones 
1122, July 31, 1879, presumably destroyed in the Berlin-Dahlem herbarium. 
In such case, the replicate in the Gray Herb, may be taken as neotvpe. As 
this differs from other long-tubed material only in slightly longer sepals, it 
may become Gilia tenuituba f. utahensis (Brand) Wherry, comb. nov. 

(ventrensis.) “Gilia aggregata euaggregata var. attenuata f. ventrensis” 
Brand, Pol.: 115-116.1907. The type specimen of this, Howard 186 from the 
Gros Ventre valley, Wyoming (ca. 43-30, 110-13), was mistakenly stated 
to be in the Gray Herbarium, and neither it nor any replicate has been seen. 
The description indicates it to be a'minor variant, with subexserted stamens, 
so it may become: Gilia attenuata f. ventrensis (Brand) Wherry, comb. nov. 

(vera.) Subspecies vera was applied above to the original Gilia Candida. 

(violacea.) “Callisteris violaeea” Greene, Rep. Spec. Nov. 13: 324. 1914; 
“Gilia aggregata equivalent” Dayton, Bull. Torrey Club 55: 71. 1928. Type 
from Montezuma Nat. For., Colo. (ca. 37-30,108-10), V. S. For. Serv. 11544 , 
in U. S. Nat. Herb. Having a long narrow corolla-tube, this color-form may 
be known as: Gilia tenuituba\ f. violacea (Greene) Wherry, stat. nov. 
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KEY TO THE GILIA AGGREGATA GROUP 
(based on measurements of flowers in mid-anthesis) 
leap-segments obtusish; habit lax; sepals united their length of 5-7 
mm., the blade narrow-deltoid, barely awned; corolla pink, 30-45 mm. 
long; petal-blade oblong; stamens included or barely exserted. Endemic 
in east-centr. Calif., lat. 36°15 / to 39°. 1. G. bridgesii. 

leap-segments acutish; habit strict (or lax in mutants). 

calyx cylindric, the sepals united their length of (6) 8-10 mm., the 
blade obtuse, abruptly contracted to a subulate-aristate tip; petals 
united f-fc their length of (25) 30-45 mm. Endemic in Colo, and adj. 

N. M., long. 108° to 112°. 2. G. Candida; ssp.: 

corolla-hue white to pink; tube little expanded upward; blade obtusish 

to acutish and oblong (f. leucantha) to lanceolate (f, scariosa). a. vera. 

corolla-hue deep pink to red; tube more or less expanded upward; 

blade lanceolate. Apparently mostly of hybrid origin. b. collina. 

calyx subcampanulate; sepal-union not over £ the length. 

corolla-tube slender with but slight upward expansion; hue pale or 
rarely deep; sepal-blades broad- to narrow-subulate. 
corolla-length 25-30 (35) mm.; hue white, yellow, or pink; stamens 
included to subexserted (f. helleri, f. ventrensis) ; sepals united 
their length of 5.5-9 mm., usually rather long-awned. Range 
from ne. Wash, to centr. Colo. 3. G. attenuate. 

corolla-length (30) 35-60 mm. (f. macrosiphon ); hue white to 
pink, sometimes purple-streaked or becoming violet on drying (f. 
violacea ); sepals united £-£ their length of 5.5-9 mm. (f. 
utahensis) , usually rather short-awned. Range from e. Calif, to w. 

Colo. 4. G . ienuituba . 

COROLLA-TUBE stout, with marked upward expansion, 20-45 mm. long; 
hue deep red more or less mottled with yellow; pink or yellow in 
mutants. 

sepal-union J the total length of 4 to 6 (8) mm., the blade deltoid 
to oblong, more or less abruptly contracted to a subulate tip 0.5- 
3.5 mra. long, barely to moderately awned. 
plant tall, (30) 40 to 100 cm. high, often sparse-pubescent; corolla 
red or drying yellow (f. fiavida) ; (27) 30-40 mm. long; 
stamens more or less exserted. Range n. Calif, to ne. Mex. 5. G. texana. 

plant dwarf, 15-30 (50) cm. high, often dense-pubescent; corolla 
red, 20-25 (30) mm. long; stamens more or less deeply in¬ 
cluded. Endemic from s. Nev. to n. N. M. 6. G. arizonica . 

sepal-union less than half the total length of 6-9 mm., the blade 
subulate from a more or less broad base, moderately awned. 

Range, s. B. C. to centr. Mex. 7. G. aggregata; ssp.: 

stamens included; corolla red, yellow-mottled, or rarely yellow; 

20-30 (35) ram. long; herbage glabrate to tomentose (f. pul- 
chella). More frequent toward east side of range. a. cuaggregata. 

stamens exserted; corolla red, yellow-mottled (f. maculata ) or 
yellow (f. avrea) (25) 30-45 mm. long. More frequent toward 
west side of range. b. formosissima. 
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EVOLUTIONARY RELATIONS 

The key presented on the preceding page is frankly artificial, the 
sequence of entities being such as to make diagnosis as easy as practicable. 
The evolutionary relations between the various entities involved can, how¬ 
ever, be brought out by a tabulation as in the accompanying chart. 



tenuituba 

/ 

attenuata 

maerosiplion, utahensis, etc. 


—> helleri, ventrensis, etc. 


^ Candida 

—> vera, collina, scariosa, etc. 

/ 



aggregata 

bridgesii 

euaggregata, formosissima, etc, 


/ 



texana 

^ arizoniea 

flavida, etc. 


Anyone desiring to recognize fewer species than are accepted here will do 
well to carry out status-reduction in the directions indicated by the arrows. 

Relationship of G. aggregata to G. rubra. The closest relative of the 
entities above discussed is Giliu rubra (L.) Heller, otherwise Ipomopsis 
rubra (L.) Wherry. This is a more eastern plant, ranging from Texas to 
Florida, and its nomenclature has been discussed in the writer’s series of 
studies on eastern Pole man iaccac . 4 In proposing the genus epithet “Callis- 
ter’s” for G. aggregaia and its allies, Greene”' stated : “From the Ipomopsis 
of Miehaux, itself an excellent genus and monotypic, they differ not only 
habitally and in foliage, but widely in character of calyx and seeds.” It is 
difficult to account for these assertions. Gilia rubra , tin* Jpornopsis of 
Miehaux, is remarkably similar in habit to G. aggregaia , merely lacking 
glandular pubescence and having filiform leaf-segments. Measurements of 
the calyx on some 25 specimens show its length to average 8 mm. and the 
subulate sepals to be united their length, essentially as in G. aggregaia. 
The seeds of some forms of G. rubra are, it is true, unchanged when mois¬ 
tened, yet in other forms unquestionably belonging to the same species the 
seed-coat becomes nearly as mucilaginous as in G. aggregaia. It can only be 
concluded that Greene exaggerated the dissimilarities, and that whatever 
generic assignment is ultimately settled upon, O. rubra and the G. aggregaia 
group will be considered congeneric. 

Department of Botany, University of Pennsylvania 
Philadelphia, Pennsylvania 


4 Bartonia No. 18: 56. 1936. 

r » Leaflets Bot. Obs. & Crit. 1: 159. 1905. 
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Short Articles and Notes 

Notes on the Grasses, Sedges and Rushes of the Great Swamp (New 
Jersey ). 1 During tlu* spring and summer of 1944 the authors collected all mature 
grasses which they could find growing in the survey area of the Great Swamp. 

The Great Swamp lies in Chatham Township, Morris County, south of the town 
of Chatham. The survey area is a half mile square. The northern boundary starts al 
the point where the Public Service high power line crosses Southern Boulevard and 
follows the latter one-half mile west. The eastern boundary runs south from Southern 
Boulevard one-half mile along the high power line. The northern portion of the area 
is on the Wisconsin terminal moraine where the soil is a sandy loam with a pH of 
5.17 in the open fields. As one goes south through the area and down into the swamp 
proper, the soil heroines a black silt which in certain areas is in the early stages of 
peat formation with a pH as low as 4.19. 

All of the specimens were determined by Mr. Bayard Long of the Academy of 
Natural Sciences of Philadelphia. The specimens an* in the Rapp Herbarium, the 
Chrysler Herbarium at Rutgers University, and the Academy of Natural Sciences of 
Philadelphia. 

GRAMIKEAE 

The grasses growing in the Great Swamp are cosmopolitan species growing 
throughout the eastern United States. Many of the grasses might be called prairie 
species, since they are common in the prairie region of Middle North America. 

The sequence of tribes and genera follows that of Hitchcock’s “Manual of Grasses 
of the United States.” 


Festuceae. Fescue Tribe 

Poa compkensa L. Canada Bluegrass. Found (‘very where except in the dense wood¬ 
land and in the very wet places. We took mature specimens 28 June 1944. 

Triodia flava (L.) Smyth. Favors open fields and woods. It is common on the 
midwestern prairie. Mature specimens were taken 2 September 1944. 

Oryzcae. Rice tribe 

Lkkrsla virginioa Willd. Common in the damp woods and along the paths. 
Mature specimens were taken 13 August 1944. 

Paniceae. Millet Tribe 

Panicum miorocarpon Muhl. A woodland specie's prefering acid soil. Mature 
specimens were taken 28 June 1944. 

Panicum dichotomy m L. Found in the open areas, especially on the moraine 
where the soil is sandy. Mature specimens were taken 28 June 1944. 

Fourth contribution to the (Dent Swamp Ecological Survey. 
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Panicum lindheimeri var. fasciculatum (Torr.) Fernald. Common in moist 
places near the bottom of slopes. Mature specimens were collected 28 June 1944. 

Andropogoneae. Sorgum Tribe 

Andropogon scopariits Micbx. Prairie Beardgrass. Common in the open fields in 
the northern part of the survey area. Mature specimens were collected 2 September 

1944. 

CYPERACEAE 

We collected two genera from the Great Swamp, Scirpus and Car ex. Most of the 
species are widely enough distributed to occur in the prairie region as well as in the 
eastern United States. 

The arrangement here follows that of Beam's “Flora of Indiana." 

Scirpus atrovirens Muhl. Common on wet mucky soil. Specimens were collected 
28 June 1944. 

Carex annectens Bickn. Collected in the drier areas of the Swamp particularly 
where the soil was more acid. Mature specimens collected 28 June 1944. 

Carex scoparia Schkuhr. This species seemed to pi'efer open wet areas in the 
swamp. Specimens were collected 28 June 1944. 

Carex striota Lam. Found in wet places both in open regions and under trees. 
We collected mature specimens 30 July 1944. 

JUNCACEAE 

J UNCUS effusus L. Found in low portions of fields and in wet open woods. 
Mature specimens were taken 28 June 1944. 

Juncus tenuis Willd. A coastal plain species which has migrated back into the 
Piedmont plain. Mature specimens were taken 28 June 1944. 

Lttzula echinata (Small) Hermann. Fairly common in the open woods on drier 
slopes. Mature specimens were collected 28 June 1944.— William F. Rapp, Jr. and 
Janet L. C. Rapp. 

Additional Introduced Plants' in the Aleutian Islands . 1 Considerable 
interest attends the introduction of plants into the Aleutian Islands, because con¬ 
ditions there suggest that these islands could support a better flora than they now 
possess. Until recently few attempts have been made to introduce plants except for 
some scattered planting of trees in the eastern end of the chain. There are a few of 
the ubiquitous weeds which have inevitably come along whenever the few white 
inhabitants have undertaken agriculture. The attempts to introduce trees have been 
ably summarized in a recent article in the Geographical Review for July, 1945, 2 
with some data on weather conditions bearing on their survival possibilities. 

It is usually necessary in studying introduced plants to search out-of-the-way 
places for records of their first appearance, or to derive this information by deduc- 

1 Published by permission of the Secretary of the Smithsonian Institution. 

2 Brnce, David, & Court, Arnold. Trees for the Aleutians. Geogr. Rev. 35: 418-423. 

1945. 
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tion and assumption. It may be anticipated that sometime in the future knowledge 
will be needed of the introductions made during the recent military occupation of 
these islands. It seems advisable, therefore, to record here some introductions addi¬ 
tional to those noted in the Geographical Review and to suggest that other records 
be published where future students can readily obtain them. 

In the collections from Attu Island made in 1944 by Lt. G. B. Van Schaack of 
the U. S. N. R. and Mr. Robert Morehouse of the U. S. Army, there appeared speci¬ 
mens of Brassica napus L., rape, and B. juncea (L.) Coss., brown or Indian mustard. 
These were identified by L. H. Bailey, who has given special attention to the culti¬ 
vated brassicas and has urged the collecting of more herbarium material of these 
variable and widespread crops. The Attu collectors reported that the plants appeared 
to have sprung from seeds dropped from Japanese military stores during their short 
occupation of this island. There was no indication that they were deliberately planted. 
The fact that these specimens were in full flower suggests the ability of the species 
to survive an Aleutian winter. However, Lt. Van Schaak reports that these were not 
seen during 1945. 

Lieutenant Boren Nelson, of the Army Engineers, recently reported to the Smith¬ 
sonian Institution a list of seeds of trees and shrubs which were sown on Amchitka 
Island during May, 1945 on bone-heap mounds left by the Aleuts. The species planted 
are reported to be J > inus strobus t Tsuga canadensis , Tsuga caroliniana , Picea cana¬ 
densis . A hies balsamea , Amelanchier la e. vis, Crataegus submoUis , Betula papyrifera 
minor , Ilex verUcillata , Cornus stolonifera , Rhododendron maximum , B. carolinia - 
num , Kalmia latifolia , Yaccinium eorymbosum , and Viburnum dentatnm. The seeds 
were secured from E. C. Ilaff of the Champion Paper & Fibre Co., Canton, North 
Carolina. The location of th(‘ mounds where these planting were made are shown 
on a map which appears on p. 23 of the July 1945 issue of the Scientific Monthly 
showing archeological sites of prehistoric villages. 3 The planted mounds are num¬ 
bers 12, 15, and 16 on the map, also one at the base of Constantine Harbor on the 
north side of the island, another just west of site no. 25 in St. Makarius Bay, and 
the sixth is a short distance further west on the shore of the same bay. 

The planting of acidophiles on bone or shell heaps does not forebode great sur¬ 
vival. The exact origin of the seeds has not been stated, although a southeastern 
Cnited States origin is suggested. The northern limit of range of all but one of these 
species is far south of the latitude of the Aleutian Islands. Cornus stolonifera , how¬ 
ever, does occur commonly in Alaska. —Egbert H. Walker. 

Book Review 

Plantas Medicinales, Aromaticas o Venenosas de Cuba. By Juan Tomas 
Roig y Mesa. 872 pp. Illustrated. Havana: Republiea de Cuba, Ministerio de Agri- 
cultura, Servicio de Publicidad v Divulgacidn (Publicaciones Tecnicas). 1945. 

This is not only a noteworthy contribution to the literature of the medicinal uses 
of Cuban plants but is also of value in understanding the flora of that island. Fully 
informed in the popular medical history and entirely competent in the botany of 

3 Guggenheim, PauL An anthropological campaign on Anehitka. Sci. Monthly 61: 
21-32, illustr. map . 1945. 
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Cuba, Dr. Roig in the present work has lived up to his customary excellency, if not 
surpassed it. 

The format of Plant as Medicinal vs is good. Although in the body of the book the 
plants are arranged in alphabetical sequence according to some one selected common 
name, the copious cross-references and indices are so complete that no difficulty is 
encountered in tracing any of the species treated. Besides the all-import ant index to 
the scientific names of the species, there are indices to their vernacular appellations 
in Cuba and other American countries, an arrangement of the plants according to 
the botanical classification of Engler & Gilg, and an extensive grouping according to 
their applications. In addition, there is a glossary to certain medical terms, and a bib¬ 
liography of 94 entries dating from 1767 to 1944 listed in chronological sequence. 
The order generally adopted in treating the species is as follows: a preferred com¬ 
mon name in large bold-face type, the scientific name and its family in italics, syno¬ 
nymy, other vernacular names with the regions when* they are current, habitat and 
distribution, detailed botanical description, part of the plant used, applications with 
ample quotations from other authors, remarks on allied species, the plant’s place 
in industry either local or general, and bibliography. Often chapters on the active 
principal or chemical composition and therapeutic properties are submitted. These* 
discussions are set off by the use of diverse fonts. 

The local names, botanical treatment, and medicinal uses listed in Plantas Medi- 
finales often serve as a valuable supplement, to those appearing in I)r. Roig’s pre¬ 
vious important books, Diceionario Botanieo <le y timbres Valgares Calm nos and 
Flora de Cuba {Datos para sa Estndio). The botanical collections of i)r. Roig avail¬ 
able in the herbaria of The New York Botanical Garden and other institutions attest 
to his ability as a discriminating botanist and excellent field man, and his experience 
and knowledge are clearly reflected in Plan fas Medieinales. This work will also serve 
as one of the cardinal sources of information when a modern Flora of Cuba is even 
tuallv written; and such a flora is urgently needed, for excepting Britton, Wilson & 
Leon’s incomplete Catalogue there is still none for “Tin* Pearl of tin* Antilles.” 

The references to tin* medicinal uses appearing in Plantas Medieinalrs have been 
painstakingly extracted from numerous authorities, and in many cases by Dr. Roig 
personally from local sources not available in print. The data are brought compactly 
together. But there remains one important task still undone. That is the necessity 
of subjecting the plants, for which there are numerous popular uses and reported 
properties, to exacting laboratory tests in fully equipped institutions. This study is 
very difficult and expensive. It requires the collection, often from difficult situations, 
of ample material of the correct part of a particular species, transportation over long 
distances to the laboratory where it must arrive* in good condition, and then a seem¬ 
ingly infinite series of tests by chemists and pharmacologists. Then there may be* 
only one success out of approximately a hundred te*sts. Yet all this is necessary, for 
otherwise the myriad references to plant uses by savages, lay doctors, and the com¬ 
mon people individually or collectively, instead e>f being a precious heritage* from 
countless generations, are a vain and valueless encumbrance of the literature in 
which they appear. 

The importance of such studies is well understood by Dr. Roig, for in his “Pro- 
logo” he avows that one of his objectives in writing Plantas Medic inales is to induce 
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scientists to stmtv the Cuban plants reputed to bo medicinal or poisonous; and he 
has repeatedly called attention in various articles and conferences to the desirability 
of subjecting* these plants to chemical and clinical tests. He has also personally col¬ 
lected samples of some of the plants discussed in his book for analyses when the 
facilities of some of these tests have been made available to him. 

Plautus Me die in ales is an important work, presented by a capable man, who is 
willing to make improvements on his own work.—J oseph Monachino. 


Proceedings of tiie Club 

Minutes of the Meeting of October 2, 1945. The regular evening meeting of the 
Torrey Botanical Club was railed to order by President Seaver at the Brooklyn Botanic 
Garden at 8.15 p.m. with 28 members present. 

The Minutes were approved as read. 

Two new members were accepted by the Club, one for associate membership, and one 
for annual membership. 

Dr. Matzke moved that the Torrey Botanical Club publish in the Bulletin an account 
of the life ami work of Professor C. C. Curl is who died April 10, 1945. The motion was 
carried unanimously. 

Dr. (iraves moved, and Dr. Avery seconded, a motion to approve a special meeting of 
botanists a\ ith the active participation of the Torrey Botanical Club early in January in 
honor of the New York Botanical Garden’s fiftieth anniversary. 

The rest of the meeting time was taken up with reports of summer field experiences. 
Dr. Small reported on the field trips of the Club. Dr. Shull reported on the summer work of 
the committee working to preserve Island Beach in its natural state. Dr. Lela Barton told 
of three weeks’ visit in Guatemala and at Merck and Com pay \s Cinchona plantation there. 

The meeting was adjourned at 9.20 p.m. and refreshments were served. 

Respectfully submitted, 

Francks E. Wynne, 
Recording Secretary 

Minutes of the Meeting of November 7, 1945. The regular evening meeting of the 
Torrey Botanical Club was called to order by President Seaver at Hunter College at 8.15 
p.m. with 40 members and friends present. 

The minutes were approved as read. 

Two persons were unanimously elected to annual membership. 

There was no business, so the remainder of the meeting time consisted of a scientific 
program by Dr. Bassett Maguire: “Plant Collecting in the Desert and Mountain Regions 
of Nevada.’ 1 The speaker’s abstract follows: 

The New York Botanical Garden-Utah State Agricultural College Intermoun¬ 
tain Region field study for 1945 was made in south-central Nevada and adjacent 
California. For more than three and one-half months, intensive collecting was car¬ 
ried on in the Quinn Canyon, the Monitor, Toquima, Toiyabe, and Shoshone Ranges, 
and intervening low desert areas in Nye County, the Silver Peak Range, Esmeraldo 
County, and the White Mountains in Inyo and Mono Counties, California. 

Report on the itinerary, the terrain and vegetation was made bv means of koda- 
chrome slides. 

After the showing of excellent kodachrome pictures, there was considerable discussion. 

The meeting was adjourned at 9.45 p.m. and tea was served by the Hunter Faculty. 

Respectfully submitted, 

Frances E. Wynne, 
Recording Secretary 
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Keng, Yi-Li ft Keng, Kwan-Hou. Kokonoria , a new genus of Plantaginaceae 
from Tsinghai Province, China. Jour. Wash. Acad. 35: 374-378. /. 1-17, 
15 D 1945. 

Krapovickas, A. El gdnero Keobarlea (Malvaceae) y su distribucion geogr&fica 
en la Republica Argentina. Darwiniana 7: 108-112. pi. l. + f. 1 , 2. 15 O 
1945. 

Leake, D. V. The algae of Crystal Lake, Cleveland County, Oklahoma. Am. Midi. 
Nat. 34: 750-168. 15 N 1945. 

Leon Frere. Etudes taxonomiques sur la dore de Cuba. V. Nouveaux Anastraphia 
de la dore cubaine. Contr. Inst. Bot. Univ. Montreal 49: 77-86. /. 1 - 4 . 
1944 [1945]. 

Lepage, E. The lichen and bryophyte flora from James Bay up to Lake Mistassini. 
Bryologist 48: 171-186. D 1945. 

Looser, G. El genero Notholaena en Chile. Darwiniana 7: 62-70. 1 pi. 15 O 1945. 
Looser, G. Lista provisional de las pteridodtas (helechos) de la provincia de 
Coquimbo, Chile. Lilloa 11: 55-73. 15 8 1945. 

Looser, G. Sobre la pteridodta argentino-chilena Lycopodium confertum. Lilloa 
11: 5-13. pi. 1-4 . 15 8 1945. 

Marie-Victorin, Frere. Etudes taxonomiques sur la dore de Cuba. I. Mise au point 
sur les Lobeliacees de rile de Cuba. Contr. Bot. Univ. Montreal 49: 3-18. 
f. 1-5. 1944. 11945]. 

Marie-Victorin, Frere. Etudes taxonomiques sur la dore de Cuba. II. Les Casearia 
ilieoides de File de Cuba. Contr. Inst. Bot. Univ. Montreal 49: 19-56. 
/. 1-16. 1944 [1945]. 

Marie-Victorin, Frere. Etudes taxonomiques sur la dore de Cuba. If I. L'Acacia 
scrpentinicole de Moa. Contr. Inst. Bot. Univ. Montreal 49: 57-67. f. 1-7. 
1944 [1945]. 

Marie-Victorin, Fr£re. Etudes taxonomiques sur la dore de Cuba. IV. Un nouveau 
Laplacea serpent inicolK Contr. Inst. Bot. Univ. Montreal 49: 69-75. f. 1.2. 
1944 [1945]. 

Martin, A. C. Instability in scientific names of plants. Am. Midi. Nat. 34: 799, 
800. 15 N 1945. 

Mathias, M. E. ft Constance, L. Umbelliferae [conclusion]. N. Am. Flora 28B: 
161-295. 28 D 1945. 

Moldenke, H. N. The known geographic distribution of the members of the Ver- 
benaceae and Avicenniaceae: Supplement 4. Am. Jour. Bot. 32: 609-612. 
/. 1-2. 30 N 1945. 

Monachino, J, A revision of Hancornia (Apocynaceae). Lilloa 11: 19-48. 15 
S 1945. 
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MurxlU, W. A. A white blackberry. Jour. Hered. 36: 217, 218. 1 f. 1945. 

Paray, L. Nuevas locaiidades de algunas plantas. Bol. Soc. Bot. Mex. 3:16, 17. 
O 3945. 

Pittier, H. Leguminos de Venezuela. I. Papilion&ceas. Servicio Bot. [Caraeas] 
Bol. Tec. 5: 1-171. pi. 1-81. f. 1-59. S 1944. 

Pittier, H. et al. Catalogo de la flora venezolana. 1. 3a Conferencia Interameri- 
cana de agricultura 20: 1-423. 1945. 

Ponce de Le6n, A. Joyas de la flora cubana. El dagame ( Calycophyllum candidix - 
simum T). C.). Rev. Soc. Cub. Bot. 2: 99. Must. Jl-Au 1945. 

Baup, H. M. Phytogeographic studies in the Athabaska-Great Slave Lake Region. 

II. Jour. Arnold Arb. 27: 1-85. pi. 1-5. *-/. 1-6. 15 Ja 1945. 

Bickett, H. W. Bibliography: Volume 28 B | North American Flora]. N. Am. 
Flora 28B: 317-374. 28 1> 1945. 

Bickett, H. W. Cornales. N. Am. Flora 28B: 297-316. 28 D 1945. 

Bold&n, A. El nogal de nuez enearcelada en el Valle de Mexico. Bol. Soc. Bot. 
Mex. 3: 9-12 /. 1. O 1945. 

Roldan, A. Un arbol que we extingue en la Canada de Confreres, D. F. Bol. Soc. 
Bot. Mex. 3: 5, 6, O 1945. 

Rolland-Germain, Frere. X T n Lgcopim endemique de 1 Vstuaire du Saint-Laurent. 

Nat. Canad. 72: 177-184. 4 f. Jl-Au 1945. 

Sharp, A. J. Xotas sobre la flora del centro de Chiapas. Bol. Soc. Bot. Mex. 
3: 7. O 1945. 

Schnooberger, I. & Wynne, F. E. The Bryophytes of Shenandoah National 
Park, Virginia. Bull. Torrey Club 72: 506-520. 27 N 1945. 

Schweinfurth, C. A new small flowered Brassia. Am. Orchid Soc. Bull. 14: 248- 
250. 1 pi N 1945. 

Schweinfurth, C. A novel Mil ton in from Peru. Am. Orchid Soc. Bull. 14: 294- 
296. 1 pi 1) 1945. 

Shaver, J. M. Tennessee spleenworts TI. Jour. Tenn. Acad. 20: 326-362. f. 71— 
91. O 1945. 

Smith, A. C. Studies of South American plants, XI. Noteworthy species of Ilip- 
pocratoaceae and Vaceiniaceae. Jour. Arnold Arb. 27: 86-120. f. 1-f. 15 
Ja 1940. 

Standley, P. C. Notes on some Guatemalan trees. Trop. Woods 84: 1-18. 1 1) 

1945. 

Swart, J. J. A monograph of the genus Protium and some allied genera (Bur- 
seraceae). Med. Bot. Mus. Utrecht 90: 211-446. f. 1—7. 1942. 

Swart, J. J. Novitates Burseraeearum. Med. Bot. Mus. Utrecht 89: 189-210. 
1942. 

Taft, C. E. The desmids of the west end of Lake Erie. Ohio Jour. Sci. 45: 180— 
205. pi l-o S 1945. 

Tamayo, F. Las especies argentinas del genero Machaeriuni. Darwiniana 7: 
120-137. f. 1-4. 15 O 1945. 

Tamayo, F. Una familia de plantas nueva para Venezuela, con observaciones 
sobre epifltismo y parasitismo, Bol. Soc. Venez. Ci. Nat. 1: 165-169. 1 My 
1932. 

Uribe-TJribe, L. Especies nuevas o notables del genero Inga en Colombia. Cal- 
dasia 3 H : 345-356. pi 7, 2. 20 S 1945. 

Whelden, B. M. Notes on Argentine Charas. Farlowia 2: 305-308. /. 1-5. Ja 

1946. 
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White, C. T. The Australian species of Antirhea f and a new name for a Cuban 
species. Jour. Arnold Arb. 27: 121, 122. pi. 1 . 15 Ja 1946. 

Williams, R. S. Una coleccidn de musgos de los Andes venezolanos, Bol. Soc. 
Venez. Ci. Nat. 2: 172-177. 31 Ja 1934. 

Wolf, W.xQuercus capesii: a supplementary note. Oastanea 10: 120. D 1945. 
Zaneveld, J. S. Some notes on Charophyta, collected in the Netherlands West 
Indies, North Venezuela and Colombia. Med. Hot. Mus. Utrecht 82: 141- 
146. 1942. 

MORPHOLOGY 

(including anatomy, and cytology in part) 

(See also under Plant Physiology: Levine) 

Avery, G. S., Piper, M. 3c Smith, P. Cell number in successive segments of Avena 
coleoptiles of dfferent ages: materials for the biochemist. Am. Jour. Bot. 
32: 575-579. /. I, 2. 30 N 1945. 

Carlson, M. C. Megasporogenesis and development of the embryo sac of Cypri- 
pedium parviflorum. Bot. Gaz. 107: 107-114. /. 1-18. 28 S 1945. 

Chrysler, M. A. The shoot of Bolrychium interpreted as a series of dichotomies. 

Bull. Torrey Club 72: 491-506. f. 1-38. 27 N 1945. 

Cooper, W. C., Burkett, A. L. & Herr, A. Flowering of Peruvian cube, honcho - 
carpus utilis A. C. Smith, induced by girdling. Am. Jour. Bot. 32: 655-657. 
f. 1 , 2. D 1945 | Ja 1946]. 

Erdtman, G. Pollen morphology and plant taxonomy. II. Notes on some mono- 
eotyledonous pollen types. Svensk Bot. Tids 38: 163-168. f. 1 , 2. 1944. 
III. Morina L. With addition on pollemnorphologicai terminology. 39: 
187-191, f 1-9. 1945. IV. Labiatae, Verbenacoae and Avicenniaceae. 279- 
285. /. 1-8. V. On the occurrence of tetrads and dyads. 286-297. /. 1-2. 
Frier, F. Relacion entre la anatomia foliar del genero Neurolrpis (Gramineae) 
y su posicion sistem&tica. Darwiniana 7: 103-107. 15 O 1945, 

Gavio, H. S. Anomalias cn el androceo del seibo ( Erythrina erista-galli L.). 

* Darwiniana 7: 113-119. pi. 1 4 /. 1-3. 15 O 1945. 

Lawalr6e, A. La multiplication vegetative des Lemnacees, en particular chez 
Wolffia arrhiza. (Recherchos enibryologiques et cytologiques.) Cellule 49: 
337-382. pi. 3-8. -} f. 1-23. 1943. 

Limbach, J. P. & Paul, B. H. Variation in the specific gravity of balsa and its 
relation to longitudinal shrinkage. Trop. Woods 84: 18-23, 1 D 1945. 

Lizer y Trelles, C. A. & Molle, C. C. Ustructura anatomica de filoceeidias neo* 
tropicas. Lilloa 11: 153-187. pi. 1-21 +/. 1-31. 15 S 1945. 

Looby, W. J. & Doyle, J. Fertilization and early embrvogeny in Podocarpus 
andinus . Sci. Proc. R. Dublin Soc. 23: 257-270. pi. 11-14. Au 1944. 
Looby, W. J. & Doyle, J. The gametophytes of Podocarpus andinus. Sci. Proc. 

R. Dublin Soc. 23: 222-237. pi. 6-9. Au 1944. 

Martens, P. A Pirard, N, Lcs organes glanduleux de Polypodium virginianum L. 

II. Structure, origine et signification. Cellule 49: 385-406. pi. 1-3. 1943. 
Martinez Grovetto R. Nuevos casos teratologicos en Grammeas. Darwiniana 
7: 91-102. f. 1, 2. 15 O 1945. 

Miller, H. A. A Wetmore, R. H. Studies in the developmental anatomy of Phlox 
Drummondii Hook. I. The embryo. Am. Jour. Bot. 32: 588-599. f. 1—44. 
30 N 1945. II. The seedling. 628-634. /. 1-12. D 1945 Ja 1946. 
Skottsberg, C. The flower of Cantlmm. Ark. Bot. 32A r : 1-12. f. 1-43. + tables 
1, 2. 16 N 1945. 
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Tortorelli, L. A. La disposieidn estratificada de los eleraentos lenosos en al ibira- 
it& (MneUera Glaziovii). Darwiniana 7: 58-01. pi, 1. 15 O 1945. 

Venning, F. D. Accessory vascular bundles in Mnrraya koenigii (Linn.) Spreng. 
(Rutaceae: Aurantioideae). Jour. Wash. Acad. 35: 352-356. /. 1-15. 15 N 
1945. 

Webber, I. E. The wood of A mhelania laxa Muell. Arg. Lilloa 11: 49-53. pi, 
1, 5. 16 N 1945. 

Welch, Walter B. Cicatrization in leaves of Bryophyttum calycinvm . Bot. Gaz. 
107: 95-106. /. 1-37. 28 H 1945. 

Whittenberger, R. T. ft Kelner, A. Rubber in Cryptostegia leaf chlorenchyma. 

Am. Jour. Bot. 32: 619-627. f. 7-7/. D 1945 [Ja 1946]. 

Wright, J. W. Epidermal characters in F rax in vs. Proc. Tnd. Acad. 64: 84—90. 
pi. 7, 5. 1945. 

PLANT PHYSIOLOGY 

Avery, G. S. ft Pottorf, I». Polyploidy, auxin and nitrogen in green plant tissue. 

Am. Jour. Bot. 32: 669-671. I) 1945 [Ja 1946]. 

Avery, G. S. ft Pottorf, L. Auxin and nitrogen relationships in green plants. 

Am. Jour. Bot. 32: 666-669. I) 1945 | Ja 1946]. 

Erickson, L. C. The water factor in transplanting guayule. Am. Jour. Bot. 32: 
634-643. /. 1-VK 1) 1945 J Ja 1946]. 

Levine, M. The effect of colchicine and noenaphthene in combination with x-rays 
on plant tissue. I. Bull. Torrev Club 72: 563-574. 27 N 1945. II. 73: 
34-59. /. 1-13, Ja 1946. 

Levring, T. The oxidation and assimilation of acetic acid by Torula utilis. Ark. 

Bot. 32A 4 : 1-11. /. 7-6*. table* 1-5. 28 Au 1945. 

Levring, T. Some experiments on the conversion of acetic and lactic acid with 
baker’s yeast. Ark. Bot. 32A ! : 1-24. /. 7—9. tables 1—11. 28 Au 1945. 
Lihnell, I>. Keimungsversuclie niit Pyrolasamen. Symb. Bot. Upsal. 6 3 : 1-37. 
/. 1 -6‘. i pi. /, 3. i tables 1-3. 1942. 

McDermott, J. J. The effect of’ the moisture content of the soil upon the rate of 
exudation. Am. Jour. Bot. 32: 570-574. /. 1-3. 30 N 1945. 

Mitchell, J. W. ft Brown, J. W. Effect of 2, 4-dichloroplienoxyacetie acid on the 
readily available carbohydrate constituents in annual morning glory. Bot. 
Gaz. 107: 120-129. f. 1-4. 28 S 1945. 

Osterhout, W. J. V. Water relations in the cell. 1. The ehloroplasts of Xitella and 
of Spirogyra. Jour. Gen. Physiol. 29: 73-78. /. 7, 3, 28 N 1945. 

Scully, N. J., Parker, M. W. ft Borthwick, H. A. Interaction of nitrogen nutri 
tion and photoperiod as expressed in bulbing and flowerstalk development of 
onion. Bot. Gaz. 107: 52-61. f. 1-3. 28 ft 3945. 

Stout, M. Translocation of the reproductive stimulus in sugar beets. Bot. Gaz. 
107: 86-95. /. 1-4. 28 ft 1945. 

Went, F. W. ft Gosper, L. Plant growth under controlled conditions. VI. Com¬ 
parison between held and air-conditioned greenhouse culture of tomatoes. 
Am. Jour. Bot. 32: 643-654. f. 1-10. I) 1945 [Ja 1946]. 

Whittenberger, R. T. Silicon absorption by rye and sunflower. Am. Jour. Bot. 
32: 539-549. f. 7, 2. 30 N 1945. 

Wiken, T. ft Agren, G. Studies on the growth of Fhycamyces Blalesleeanus in 
connection with determination of the thiamin inactivating fish factor. Ark. 
Bot. 32A": 1-19. /. 7-4.4 tables t-9. 16 N 1945. 

Wilson, J. K. The symbiotic performance of isolates from soybean with species of 
Crotalaria and certain other plants. Cornell Exp. Sta. Mem. 267: 1-20. 
tables 7, *. Mr 1945. 
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GENETICS 

(including cytogenetics) 

(see ulso under Mycology & Phytopathology: McKinney A Clayton; LeClerg) 
Castronovo, A. Estudio cariologico de doce espeeies de Leguminosas argcntinas. 

Darwiniana 7: 38-57. /. 7, 2. 15 O 1945. 

Chilton, S. J. P., Lucas, Gk B. A Edgerton, C. W. Genetics of Glomcrella. III. 
Crosses with a coindial strain. Am. Jour. Bot. 32: 549-554. f. 1-8. 30 N 
1945. 

Johnson, B. L. Natural hybrids between Oryzopsis hymen aid ex and several spe¬ 
cies of Stipa. Am. Jour. Bot. 32: 599-608. f. 7-7 7. 30 N 1945. 

Johnson, L. P. V. Reduced vigour, chlorophyll deficiency, and other effects of self- 
fertilization in Finns. Canad. Jour. Res. 23C: 145-149. /. 1. O 1945. 
Randall, T. E. A Rick, C. M. A cytogenetic study of polyem bryony in A spa ray us 
officinalis L. Am. Jour. Bot. 32: 560-569. /. 1-8. 30 N 1945. 

Riley, H. P. Inheritance of the main anthoeyaiiin pigmentation and some of its 
patterns in flowers of Xemcsia strumoxa. Bot. Gaz. 107: 32—52. /. 1—4. 
28 8 1945. 

Rollins, R. C. Evidence for genetic variation among apomictically produced plants 
of several F, progenies of guayulc ( Parthenium aryvntalum) and moriola 
( Parthenium incannm). Am. Jour. Bot. 32: 554--560. /. 1-8. 30 N 1945. 
Schlehuber, A. M. Inheritance of stem characters in certain sorglmm varieties 
and their hybrids. Jour. Ilered. 36: 219-222. / /. 1945. 

Schnack, B. & Covas, Gk Hibridacion interspecifica en Glandularia (Verben 
&ceas). Darwiniana 7: 71-79. pi. 1 .8. f. 1-2. 18 O ly45. 

Stout, A. B. Classes and types of intraspecific incompatibilities. Am. Nat. 79: 
481-508. N. 1945. 

MYCOLOGY & PHYTOPATHOLOGY 
(see also under Morphology : Llzer y Trelles & Molle 
Allington, W. B. Wildfire disease of soybeans. Phytopathology 35: 857-869. 
/. 1-4. N 1945. 

Briceflo-Iragorry, L. Notes sobre micologia. Bob Soc. Venez. Ci. Nat. 1: 407- 
410. 1934. 

Ghardon, C. E. A Toro, R. A. Exploraciones mioologicas on Venezuela. Bob Hoc. 
Venez. Ci. Nat. 1: 281-291. 1 Au 1932. 

Cochrane, V. W. The common leaf rust of cultivated roses, caused by Vhray 
midium murronatum (Fr.) Sehlecht. Cornell Exp. Hta. Mem. 268: 1-39. 
/. 7-9. tables 1-19. Mr 1945, 

Costa, A. S. The relationship between American tobacco streak and Brazilian 
“Necrose Branca’’ or “Couve.” Phytopathology 35: 1029, 1030. /. 7. 
D 1945. 

Drechsler, C. A nematode-destroying phveomycete forming immotile spores in 
aerial evacuation tubes. Bulb Torrey Club 73: 1-17. f. 1-86. J a 1946. 
Fife, J. M. A Carsner, E. Tip burn of sugar beet with special reference to some 
light and nitrogen relations. Phytopathology 35: 910-920. f. 1-8. N 1945. 
Forbes, I. L. A Mills, P. J. Movement of mosaic virus through sugar-cane seed 
pieces. Phytopathology 35: 705-709. /. 1. S 1945. 

Hanson, A. M. A morphological, developmental, and cytological study of four 
saprophytic chytrids. II. Rhizophydivm coronum Hanson. Am. Jour. Bot. 
32: 479-487. /. 1-61. O [9 N] 1945. 

Harrington, H. D. Some host plants of Comandra umbellata in Colorado. Am. 
Midi. Nat. 34: 797, 798. 15 N 1945. 
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Hesler, L. R. Notes on Southern Appalachian fungi. VIT. Jour. Tcnn. Acad. 20: 
303-372. O 1945. 

Hewitt, W. B. A graft-transmissible mosaic disease of grapevine. Phytopathol¬ 
ogy 35: 940-942. f. 1. N 1945. 

Jenkins, A. E. Scab of Cinchona in South America caused by Ehinoi:. Jour. 
Wash. Acad. 35: 344-352. /. 1-4. 15 N 1945. 

Karling, J. S. Brazilian chytrids. VII. Observations relative to sexuality in two 
new species of Siphonaria. Ain. Jour. Hot. 32: 580—587. /. 1-53. 30 N 1945. 

LeClerg, E. L. Genetic leaf roll of Irish poiato seedlings. Phytopathology 35: 
877-878. /. /. N 1945. 

Ling, Lee Epidemiology studies on stripe rust of wheat in Chengtu Plain, China. 
Phytopathology 36* 885-894. f. 1. X 1945. 

McClellan, W. D. Pathogenicity of the vascular Fusarium of Gladiolus to some 
additional iridaceous plants. Phytopathology 35: 921-930. /. 1-3. N 1945. 

McKinney, H. H. & Clayton, E. E. Genotype and temperature in relation to 
symptoms caused in Xicoliana by the mosaic virus. Jour. Herod. 36: 323— 
331. f. 1-0. X 1945. 

Magnusson, A. H. & Zahlbruckner, A. Hawaiian lichens. III. The families U«ne- 
aceae to Physiacoae. Index. Ark. Hot. 32A-: 1—89. pi. 1-10. 28 An 1945. 

Mathews, F. P. A comparison of the toxicity of Xothohuna sinulata and A T . 
snuiata va?. coelnsntsis. Khodora 47: 393-395. f. 1 . 18 D 1945. 

Miller, J. J. Studies on the Fusarium of nmskmelon wilt, IT. Infection studies 
concerning the host range of the organism and the effect of environment on 
disease incidence. Canad. dour. Res. 23C: 166-187. 11 f. O 1945. 

Murrill, W. A. New Florida fungi. Quart. Jour. Fla. Acad. 8: 175-198. de 1945. 

Niederhauser, J. S. The rust of greenhouse-grown spearmint, and its control. 
Cornell F\p. Sta. Mem. 263: 1-30. /. /-<>. 4 tables 1, Mr 1945. 

Peturson, B., Newton, M. & Whiteside, A. G. O. The effect of leaf rust on the 
yield and quality (J* wheat. Canad. dour. Res. 23C: 105-114. Au 1945. 

Rangel, J. F. Two Affcrnaria diseases of cruciferous plants. Phytopathology 35: 
1002-1007. /. 1-3. 1) 1945. 

Rodenhiser, H. A. & Holton, C. S. Distribution of races of Tilhtia caries and 
Tilb tia fochda and their relative virulence on certain varieties and selections 
of wheat. Phytopathology 35: 955-969. I) 1945. 

Tapke, V. F. New physiologic races of Fstda/fo hordt i. Phytopathology 35: 
970-976. 1) 1945. 

Thirumalacliar, M. J. Development of spore forms and the nuclear cycle in the 
autoeeiousopsis rust, Cystospora oleac. Hot. Gaz. 107: 74-86. /. 1-37. 28 
S 1945. 

Walker, J. C. & Hooker, W. J. Plant nutrition in relation to disease develop¬ 
ment. 11. Cabbage clubroot. Am. dour. Hot. 32: 487-490. O (9 N] 1945. 

Weimer, J. L. A new* species of CoUctolrichum on vetch. Phytopathology 35: 
977-990. f. /-/. J) 1945. 

Willison, R. S. \ line-pattern virosis of Shire plum. Phytopathology 35: 991- 
1001./. 1-3. () 1945. 

Yu, T. F. The rod-spot disease of broad beans (Vida faba L.) caused by Botry- 
tis [abac Sardian in China. Phytopathology 35: 945-954. D 1945. 

Yu, T. F. ct ah Preliminary stduies on physiologic specialization in Tillclia tritici 
and T. levin in China. Phytopathology 35: 879-884. N 1945. 
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ECOLOGY & PLANT GEOGRAPHY 

Allard, H. A. Flowering behavior and natural distribution of the eastern rag- 
weeds ( Ambrosia ) as affected by length of day. Ecology 26: 387-394. 
O fD] 1945. 

Hoxmark, Ch Bioclima de los citrus en el litoral argentino. Anal. Soc. Oi. Arg. 
140: 3-15. map + 8 tables. 1945. 

Johnson, W. M. Natural revegetation of abandoned crop land in the ponderosa 
pine zone of the Pike’s Peak region in Colorado. Ecology 26: 363-374. 
/. 1-6. O [D] 1945. 

Lemon, P. C. Wood as a substratum for perennial plants in the southeast. Am, 
Midi. Nat. 34: 744-749. /. 1—6. 15 N 1945. 

Moyle, J. B. Borne chemical factois influencing the distribution of aquatic plants 
in Minnesota. Am. Midi. Nat. 34: 402-420. 15 S 1945. 

Bail, P. The Yucca plant, Yucca filamentosa , and the Yucca moth, Tcgeticula 
( Provuba ) yucca sella Riley: an ecologico-behavior study. Ann. Mo. Pot,. 
Hard. 32: 373-394. N 1945. 


GENERAL BOTANY 

(including biography) 

Honig, P. A Verdoom, F. editors. Science and scientists in the Netherlands 
Indies. Natuur. Tijds. Nederlandsch Indie 102: Special Suppl. i-jrjcii, 1-491. 
f. i-184. 1945. 

Mencia, M. A Ponce de Le6n, A. El jarditi botanico do la Universidad de la 
Ha buna. Rev. Soc. Cub. Hot. 2: 85-89. Must. J»-Au 1945. 

Beeside, J. B. Edward Wilber Berry: February 10, 1875-September 20, 1945. 
Science 102: 498, 499. 10 N 1945. 

Beichert, F. A von Bentzell, I. Breve resumen de los result ados geogruflens, 
geologicos y botanicos de la octava expedicion patagdnica, correspondiente 
al programa Reichert-Hichen, establecido en al aflo 1913, en el “Institute 
Darwiriion . 9 ’ Darwiniana 7: 138-170. pi. 1-4. 15 O 1945. 

BekO, B. P. Mitobotanica zapoteca. 1-154. f. 1-7. frontisp. Mexico, 3945. 
Shantz, H. L. Frederic Edwards Clements (1874—1945). Ecology 26: 317-319. 
port. O ri>] 1945. 

Waller, W. E. The vaulting imagination of John L. Ridell. Ohio Archaeol. Hist. 
Quart. 54: 331-360. O-D 1945. 

Zayaa-Bazan y Perdomo, H. Historia de la bo tunica en Cuba. Rev. Soc. Cub. 
Bot. 2: 107-110. Jl—Au 1945. 
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PROPOSED NAMES FOR THE PHYLA OF ALGAE 

George F. Papenfuss 

Although the term Thallophyta 1 is still useful as the inclusive name for 
a number of groups of plants of a certain morphological level, it has long 
been recognized that this name has become obsolete as a phyletic designation. 

The algal component of the Thallophyta has been variously subdivided 
by different writers into a number of phyla. The system which for a long 
time was followed was that of Engler in the third and subsequent editions of 
Engler and Gilg’s Syllabus der Pfianzenfamilien. Finally, Engler arranged 
the algae under nine phyla as follows: Schizophyta, Flagellatae, Dinoflagel- 
latae (including possibly his Silicoflagellatae), Baeillariophvta, Conjugatae, 
Chloropliyceae, Cliarophyta. Phaeophyeeae, and Rhodophyceae. 

With the advance of knowledge it has become increasingly clear that this 
arrangement is also to he abandoned. At present there are two systems: 
That of Pascher (1931 2 and earlier papers), which lias become well-known 
through its adoption, with slight modification, by Smith 3 ; and that of Fritsch 
as outlined in the first volume of his work. The structure and reproduction 
of the Algae (1935, pp. 4-11). 

Pascher divides the algae into the following eight phyla: Chrysophyta, 
Phaeophyta, Pyrrhophyta, Euglenophvta, Chlorophyta, Oharophyta, Rhodo- 
jihyta, and Cyanophyta. Fritsch on the other hand does not assign the algae 
to phyla, but arranges them under eleven classes as follows: Chlorophyceae, 
Xanthophyceae, Ghrvsophyceae, Bacillariophyceae, Gryptophvceae, Dino- 
phyceae, Ghloromonadineae, Euglenineae, Phaeophyeeae, Rhodophyceae, 
and Mvxophyeeae. Both Fritsch and Smitli look upon Chara and its allies 
as forming a category of the true green algae. 

Inasmuch as class is a category below the level of phylum and since there, 
at present, is no justification for looking upon all algae as composing a single 
phylum, the system of Fritsch does not constitute a complete and well- 
rounded arrangement. 

The system of Pascher thus remains as the one which is most acceptable. 
The phyletic names used by him were recently criticized, however, by Papen¬ 
fuss 4 on the ground that they do not contain the old and well-established 

1 First proposed by Unger in 1838, according to Just (Bot. Kev. 11: 302. 1945), but 
brought into prominence by Endlicher in his Genera Plan (arum (1836-1840). 

2 Beih. Bot. Centralbl. 48: 317. 1931. Some of the names used by Pascher were first 
proposed by Wottstein (Ilandbuch dcr systcmatm'hen Salami’, 1901). 

3 Cryptogamic Botany, Vol. 1. 1938. 

« Madrofio 7: 226. 1944. 
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connotation “phykos.” Another objection lies in the designation Chloro - 
phyla as the exclusive name for a group of algae. 

Since names are a convenient means of referring to things, it is desirable 
that they be distinctive. The appellations of Pascher fulfill this requirement 
to a large extent in that they terminate in “phyta” and therein conform to 
the phyletie designations of other plant groups. 

If the names of algal phyla contained the connotation “phykos” also, 
they would have the added merit of being explicit as to the kinds of plants 
to which they apply. It is with this objective in mind that the following 
modifications of the designations of Pasher are proposed: Chrysophyeophyta, 
Phaeophycophyta, Pyrrhophycophyta, Euglenophyeophyta, Chlorophyeo- 
phvta, Charophycophyta,® Rhodophyeophyta. 5 6 

In making these names the Greek word (frvKos , meaning seaweed, is taken 
as synonymous with alga, as lias been the custom for a long time. It is true 
that at first glance the names seem ponderous but with the accepted practice 
of accenting the antepenult the pronunciation is both easy and euphonious, 
for example, Chloro • phy • co phy • ta. 

It may be argued that these designations are outlawed by the rule of 
priority. The same objection could, however, be raised also with respect to 
certain of the names of Pascher or of some of those currently used for cer¬ 
tain other plant phyla. If the rule of priority were strictly adhered to, the 
name Thallophyta would have to be retained for one of the phyla of lower 
plants. For the same reason the designation Stelophyta (of. Just, op. cit.) 
would be invalid as a name for vascular plants; or the name Bacillariophvta 
may have to be retained for Pascher\s Chrysophyta, which phylum, how¬ 
ever, includes, in addition to the diatoms (Bacillariophyceae), two classes of 
organisms which in no way could pass as diatoms. 

It is clear that the retention of outmoded phyletie names would not be in 
keeping with present-day knowledge of plant relationships and, as lias been 
pointed out by Just (op. cit.), it becomes desirable that the question of the 
names of higher categories be reviewed at the next International Botanical 
Congress. Furthermore, it seems desirable that legislation which may be 
passed relative to these designations be flexible enough to permit revision 
of the names in the light of further knowledge concerning plant phylesis. 
University of California 
Berkeley, California 

5 In agreement with Pascher and others this group of algae is considered sufficiently 
distinct from the true green algae to deserve the rank of phylum. 

6 The blue-green algae or Cyanophyceac are taken as constituting a class in the phylum 
Schizopbyta. 
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A CURIOUS FUNGUS ON OPUNTIA 

13. 0. Dodge 

While studying fungous diseases of cacti from Florida some years ago, I 
very frequently came across the tiny “fruiting bodies” of a fungus which 
was quite unlike any species known to me. Thaxter, Peck, or von Iloehnel, 
with their great knowledge of bizarre forms of fungi, might have recognized 
this fungus if it had been brought to their attention and so would have been 
able to point out just where it had been described long ago. For me it was 
not possible to place it even in a Class either among minute species of the 
higher forms or among the Fungi Imperfeeti. The fungus was clearly not 
very destructive to its host, Opuntia ammophila . Since 1 hoped to find even¬ 
tually where it had been described and to learn something more about its 
morphology and life history, it was not mentioned in the short articles on 
Opuntia diseases which 1 published at that time (1937-1939). Miss Bass 
(lUttman, at my request, made a few sketches from slide mounts which I had 
hastily prepared for the purpose. Some of these sketches, together with 
photographs taken recently for me by Mr. E. X. Mitchell of our staff, are 
reproduced in figures 1 and 2 herein. 

The little fruiting bodies, as they may be called for convenience, consist 
of two purls, a stalk and a cap. The stalk is dark brown, about 200-500 g in 
length, tapeiing from about 40 p in diameter at the base to about 20 p at the 
top. It is curiously made up of segments or joints simulating in miniature 
the fertile stalks of the common horsetail, Equisct urn arvense. In both plants 
the joints can be easily separated. The drawings and photographs (figs. 1, 2) 
show that the rind, or outer layer, of the top segments of the stalks either can 
be slipped off from the core, which is solid, or it develops after the cap is 
dislodged. The hyphac which compose the outer wall as well as those of the 
core seem to grow more or less parallel up the stalk. Since the hyphae of the 
rind at least of one segment do not continue straight into the next segment, 
it may be (although I have no direct evidence for this) that each segment, as 
it forms, develops its own cap, which as it matures is pushed off or thrown 
off. After this occurs the stalk cells may proliferate or regenerate and so 
grow up to make another segment, which in turn would develop a cap, throw 
it off, and send lip a third joint, and so on. The photographs show at least 
ten joints in some of the stalks. 

One reason why one finds so many little caps lying directly in contact 
with the surface of the cactus pad, entirely apart and at some distance from 
the stalks on which they originally grew, is the ease with which these caps 
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can be dislodged and so go sailing off to land elsewhere. We found on the 
cactus pads, as they arrived from Florida, many stalks which had lost their 
caps. It may be that through the cooperation of the thrust of the upward- 
growing stalk-hyphae and the highly elastic shell of the attached cap, the 
latter would be thrown off with some force when the connection between cap 
and stalk is broken. Anyway, this would be good material for observation 
and experimentation on the discharge of propagating bodies. 

The caps are dark brown, almost black. They measure *50-80 p in diam¬ 
eter; they are about 20-25 p in thickness, somewhat concavo-convex in shape, 
the edge thick, something like a minute doughnut, except that the hole ex¬ 
tends only partly through. This depression represents the place of attach¬ 
ment of the cap to its stalk. Those who are familiar with Boleti and have 
pulled a stalk from its pileus will have no trouble in visualizing the shape 
and parts of our little fungus. 

While mounts of caps show that the outer layer or covering is hard, dark 
brown, and brittle, it seems to be perforated here and there, giving a sort of 
pepper-box effect. Whether these bright spots are holes or only thin places 
in the chitinous outer layer is uncertain (fig. 1/). Crude cross sections of 
caps (fig. 1?) show 7 rows of cells, about four cells to the row', extending out 
from the border of the depression on the under side. Possibly these radiating 
rows originate from the core cells of the stalk. Whether the common number 
four in each of the rows has any significance is doubtful. 

Pure cultures of this fungus are very easily obtained if one simply re¬ 
moves a cap directly from its stalk with a wet needle and places it on the 
surface of an agar medium in a plate. Within two or three days branched 
septate hyphae grow 7 out from the cap. From which cells of the cap these 
germ tubes actually arise w r as not determined. Transfers can be made to tube 
cultures by cutting off the ends of these hyphae or by transferring the whole 
cap with its outgrowths, if there appear to be no contaminants present. After 
three or four weeks one finds that t^e fungus has developed real stalks which 
grow 7 up from small mounds or knots of mycelium. These stalks may appear 
singly or in groups of five or six. In only a few cases did typical caps develop 
sufficiently to prove absolutely that we had pure cultures of the fungus taken 

Fig. 1. a, Habit sketch to show TrrlopUeu* Opuntiae as it grows on the edge of a 
cactus pad, seen with a binocular dissecting microscope. The caps of some stalks have 
been dislodged, b, A stalk with four .segments; the outer layer or shell of the top segment 
either had been slipped off or had not formed as yet. c. Surface view of one short segment 
with details seen by the artist, d, e, Cross and longitudinal sections showing the core and 
rind of a segment. /, Cap seen from above and showing the pinhole-like spots. g n A similar 
cap viewed from the under side, showing the depression where it had been detached from 
its stalk, h, Ahother view from below allowing the pinholes in the upper surface of the 
cap as the microscope was adjusted to bring this surface into focus. i, Crude section of a 
cap showing the rows of cells extending outward from the region of attachment of cap to 
stalk, b-h, x 550. 
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from the cactus. The stalks that developed in these cultures were not seg¬ 
mented or jointed. This may indicate that stalks made up of segments de¬ 
velop only with the successive formation of caps, one after the other, as 
suggested previously. 

It may be that in nature, under certain conditions minute spores are 
finally developed inside the cap, after which they are sifted out through the 
pores. On the other hand, these pores or thin places in the outer wall may 
be a provision for the emergence of germ tubes which would otherwise be 



Fit?. 2. a. Photograph of a stalk having nine segments; the dislodged cap viewed from 
the under side is at the left below, x 200. h, Fragment of the cactus pad bearing eight 
stalks of the fungus. The caps, if originally present, wen* dislodged when flu* mount was 
made, x 75. c, A rather small cap viewed from the under side showing faintly the radiat¬ 
ing rows of cells seen through the chitinous outer cover of the cap. x 1150. (I, The stalk at 
the left center in b is shown here more enlarged. It has ten segments, x 200. 


unable to penetrate the chitinous outer membrane of the cap. So far as 1 
have discovered, the cap serves, just as we find it, very well as an organ of 
propagation. It is readily blown off or discharged from its stalk, perhaps 
with some force, so that it is carried away to a new feeding ground where it 
germinates. 

Many fungi produce bulbils or minute sclerotia which serve in place of 
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spores. Liverworts develop gemmae, and the editor reminds me that some 
liehens produce soredia. Perhaps our fungus, in the stage in which we find 
it, is the sterile form of some lichen like Calicium. The coarse brown cells at 
the joints of the segments of the stalk of our fungus sometimes grow out 
freely a short distance into the air. I have frequently found a few spores, 
usually brown and two-celled, associated with similar coarse hvpliae around 
the base of the stalk. Furthermore, one sometimes finds cactus pads bearing 
short bristle-like coarse brown hyphae arising either singly or in groups of 
three or four from the pads. One at first easily mistakes these bristles for 
stalks of our fungus. ^Microscopic examination, however, proves that these 
bristles are composed of single hyphal threads made up of rows of thick- 
walled cells. We have in the Gasteromycetes the genus Myriosfoma and a 
CaJrai'm with a well-defined stalk. These similarities are, of course, merely 
analogies or accidental parallelisms. 

T am indebted to Dr. David II. Linder for suggestions on the group to 
which this fungus might be assigned. He was unable to place it. however, 
without further information on its life history. In order that reference may 
be made to this fungus, it is named and described below. The name (sug¬ 
gested by Dr. II. W. Rickett ) refers to the pores or thin places in the shell of 
the cap. 

Tretopileus Opuntiae Dodge, gen. & sp. now Fruetihus per areolas dis- 
eolores segmentarum eactorum dispertis. e mycelio plus minusve subcuticu- 
lari exorientihus; stipite articuloso segment is 1 10 aliquando separabili, 
200-500 p longo, 20-40 p erasso, cortice e crasso-t unicat is bnumeis hvphis 
septatis secundum longitudinem stipitis dispositis confecto, medulla e tenui- 
tiinicatis cellulis similiter dispositis contecta ; pileo (50-80 p diametro, 20-30 p 
erasso, coucavo-eonvexo, membrana superficial! obscure brunnea, dura, ehi- 
tinca. pluribus poris vel areolis subtilibus nmnita, cellulis interioribns 
seriatim radiatimque dispositis, facile ab stipite disjungendo. 

On pads of Optuitia atnmophihi and related species, Fort Pierce, Florida, 
1037-1030. 

Since it is not convenient to continue a study of this fungus, the above 
notes are put on reconl in the hope that some mycologist may become inter¬ 
ested and complete the story, if it has not already found its place in myco- 
logical literature. 

The New York Potanical Garden 
New York 
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FURTHER CONSIDERATION OF GLANDULAR LEAF HAIRS 
OF TOBACCO AND OF THEIR SIGNIFICANCE 1 

Frederick A. Wolf 

From previous studies involving: hairiness of oriental varieties of tobacco 
(Wolf & Jones 1944, Bentley & Wolf 1945), it was concluded that aroma 
seems to be traceable primarily to the exudate from glandular hairs, that 
different varieties, when grown under similar conditions, differ in hairiness, 
and that both hereditary and environmental factors are interdependent in 
controlling the population of leaf hairs. Apparently the range of variability 
is governed by hereditary factors, and environment determines the position 
of the variant within this range. Moreover it was concluded that a measure 
for evaluating 'potential amount or quantity of aroma of a given leaf before 
curing is provided by the two correlated criteria : (a) number of hairs per 
unit of leaf surface, and (b) total number of hairs per leaf. These two cri¬ 
teria may be readily determined from direct microscopic examination of 
green leaves. Unfortunately means are not yet at hand for determining the 
accuracy of such evaluation by checking it against actual quantity of aroma 
possessed by leaves after they have been cured and aged. Tt should be empha¬ 
sized that methods for measuring directly the quantity of aromatic material 
or the amount and kind of specific odorous constituents are quite unknown, 
except by appraisal through the sense of smell. To devise some operable 
means does not seem to present insuperable difficulties, since it should be 
possible to remove the volatile constituents from cured leaves by distillation 
or extraction with solvents and then to isolate them and make quantitative 
measurements. 

Since the amount and kind of aroma are of major importance in apprais¬ 
ing quality of oriental tobaccos, further consideration was given to means 
of modifying the population of glandular hairs. The results of experiments 
obtained during the past two seasons with selection and hybridization, as 
well as with experiments concerning variations in the spacing of plants and 
variation in light are believed further to contribute to an understanding of 
the problem of aroma, and accordingly are presented at this time. 

1 These investigations were financed, in part, by the General Education Hoard. Grate¬ 
ful acknowledgment is made for assistance rendered in the conduct of these investigations 
by Nancy J. Bentley and Vera Kudin, Graduate Assistants at Duke University. Thanks 
are also extended to Dr. Paul M. Gross for critical reading of the manuscript, although 
the author is solely responsible for the interpretations and conclusions herein. 
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MATERIALS AND METHODS 

Iii general, the procedures employed were identical with those described 
in a previous report (Bentley & Wolf 1945). The analyses involved plants 
grown in fields at the Tobacco Experiment Station, Oxford, N. C., as well as 
supplementary analyses of plants grown under glass at Durham, N. C. 
Plants found to have leaves more hairy than others of the same variety were 
selected as seed stock. For comparison non-selected plants, taken completely 
at random, were used as a seed source. 

Plants similarly selected from the F 2 generation constituted the parents 
used to determine hairiness of crosses between varieties. Their progeny was 
compared with that of non-selected F 2 parents. 

Tn tests concerning the influence of spacing, the intervals “between 
rows” and “within rows” were arbitrarily chosen. These spacings were (1) 
like those commonly employed with flue-cured tobacco, (2) like those com¬ 
monly used with oriental tobacco, and (3) with twice as many plants per 
unit of area as in the common practice with oriental tobacco. In these tests 
were employed representatives of three types of oriental tobacco. These were 
Stanimaka (Kavalla type), Ayassolouk (Smyrna type), and Broussa (Sam- 
soun type), as well as one flue-cured type, Cash. 

The experiments concerning effects of light of different intensities were 
performed upon both field-grown plants and plants grown under glass. 
Plants exposed to normal illumination were compared with those grown 
under artificial shade. Use was made of a shade tent built of framing and 
covered with seed-bed cloth to reduce light-intensity, and comparative light 
measurements were made with a Weston photometer. 

INHERITANCE AND GLANDULAR HAIRS OF TOBACCO 

There exists a rather meagre background of observations on inheritance 
of pubescence or hair-coatings among plants. Paulesco in 1900 (vide Neto- 
litsky 1932, p. 11, 12) was among the earliest investigators to show that the 
hair pattern of hybrids is a mixture of that of both parents. A similar con¬ 
clusion was reached by Wolf from observations on Potniiilla , by Netolitsky 
on Kubus. and by Ban>s on Vcrbasatm (Netolitsky he.). Imai (1926) crossed 
a smooth-stemmed morning glory, Ipomoca hcdcracca Jacq. {Pharbites Nil 
Ohoisy), with a hairv-stemmed one. All plants of the F t generation were 
hairy but in the F 2 generation a ratio of 3:1 of hairy-stemmed to smooth¬ 
stemmed individuals was obtained. A similar dominance of hairiness over 
glabrousness in sesame, Svsanium indicum L., to give a 3:1 ratio in the F 2 
generation, was reported by Langlmm (1945). 

The population density and length of hairs on Hyocyauius niger L. are 
at least partly determined genotypically, according to Goddyn (1926). 

As regards tobacco, previous observations (Bentley & Wolf 1945) showed 
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TABLE 1. Results of Selection as a Means of Increasing Hairiness 


Year 

Increase in leaf area, 
cm. 2 , of selected over 
non-selected, % 

Increase in number 
of hairs per leaf, 
of selected over 
non-selected, % 

Increase in number 
of hairs per unit 
area of selected 
over non selected, % 

1944 

34 

31 

3 

1945 

23 

38 

12 


the existence of varietal differences in hairiness and indicated that tests 
should be conducted to determine the possibility of increasing hairiness by 
selection. Accordingly selections were made, using the varieties Broussa, 
Dere, Djebel, Hendek, Katarini, and Yenidge. The average composite results, 
expressed as percentage differences between selected and non-selected plants, 
are shown in table 1. 

These data do not reveal actual differences but are comparative, and show 
that selection provides a means of increasing hairiness. They give no indi¬ 
cation however of seasonal effects. It should be indicated that the 1945 season 
was one having very excessive rainfall and an unusual proportion of overcast 
days. Seasonal effects become apparent when it is pointed out that an aver¬ 
age leaf of progeny of selected plants of the varieties mentioned above bore 
74 per cent as many hairs in 1945 as in 1944. An average leaf of the progeny 
of non-selected plants of the varieties Avassolouk, Ghimpati, Jalomita, Stani- 
maka, and Xanthi-Yaka bore 60 per cent as many hairs in 1945 as did non- 
selected plants of these same varieties in 1944. This difference of 14 per cent 
seems ascribable to selection. It must be appreciated however, in the light of 
other experiments and of observations extending over three sasons, that, in 
selecting seed-stocks, account must be taken not only of seasonal influences 
but of the interrelation and interdependence of vigor, date of maturity, and 
leafiness of plants, together with leaf size, and hair population per unit of 
leaf surface. 

The influence of selection among hybrids was sought by making selec¬ 
tions of the F-j generation and then comparing the progeny of selected and 
non-selected stocks. The hybrids involved Ycnidge as the pistillate parent. 


TABLE 2. Results of Selection of Fount Stock among F» Generation 
on Hairiness of Progeny 


Year 

Parents 

: 

Relative leaf 
size, F 2 

Relative number 
hairs per leaf, 
in thousands 

Relative number 
hairs per cm. 2 

1945 

Yenidge $ x 
Stanimaka $ 

Selected: non- 
selected 
= 80.6: 100 

Selected: non- 
selected 
= 312: 300 

Selected: non- 
selected 
= 129: 100 

1945 

Yenidge $ x 
Ayassolouk $ 

Selected: non- 
selected 
= 89; 100 

Selected: non- j 

selected 
= 305:100 

Selected: Hou¬ 
se looted 
= 114: 100 
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and Stanimaka, in one ease, and Ayassolouk, in the other, as the staminate 
parent. The results are assembled in table 2. 

It is quite evident that the progeny of the more hairy parents was in 
turn the more hairy, results entirely in aeeord with well established findings 
on other genera of plants. The extent to which selection and hybridization 
can be employed, however, in actual field practice, to improve quality, can 
be known with finality only by extensive comparative trials, and appraisal 
of the tobaccos grown must be made after they have been fully aged. 

SPACING 

Bentley & Wolf (1945) have studied the relation between spacing and 
hairiness, using one oriental variety, a Burley type, and a fine-cured tobacco. 
The results were recorded as differences in leaf size and total leaf area of an 
average plant, and also as differences in number of hairs per plant, per leaf, 
and per unit of leaf surface. 

in all studies, by other investigators, involving the effects of spacing on 
growth of the tobacco plant it appears that the primary consideration in 
appraisal of results has been “yield per acre.” Although yield is a most 
important practical consideration, largest yield is not necessarily correlated 
with best quality. In fact, there is reason to believe that quality, in some 
tobacco-growing areas, has been sacrificed in favor of quantity. This would 
indicate that in experimental studies of spacing the objective should be to 
produce the largest possible yield and having the largest proportion of the 
superior grades. 

Although a rationale for proper spacing no doubt exists it seems never 
to have been sought or established. With the idea of seeking to establish such 
basis for proper spacing practices, two experiments were performed during 
the past season. The one was essentially a repetition of a test made in 1944, 
exeeptthal it involved different varieties of tobaeeo, and the other involved 
further intensification of competition between plants. 

In the first experiment the interval between widely spaced plants was 
24 inches in 4S-inch rows, ami those between closely spaced ones was 5o 
inches in 20-inch rows. The oriental varieties chosen were Ayassolouk and 
Broussa, and ("ash was the flue-cured variety used. Data on average analyses 
of five plants of each kind arc assembled in table 2. 

Under these eonditions the widely spaced plants had the larger leaves 
with the larger number of hairs per leaf. Moreover the population of hairs 
was less dense on widely spaced plants than on closely spaced ones, except 
in Stanimaka. An interpretation of data to be presented later (table 5) 
appears to be applicable in explaining these findings with Stanimaka. The 
degree of accordance with results from a similar experiment conducted in 
1944 (table 4 of a previous report) is best shown by comparing the data 
as arranged in the accompanying tabulation (table 4). 
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TABLE 3. Spacing and Hairiness of Entire Plants 


Variety 

’ 

i 

, 

: 

Spacing 

Average total leaf 
area per plant, cm.2 

Average total hair popula¬ 
tion, per plant, on lower 
leaf surface, in thousands 

Average size of 
leaves, cm.2 

Average number of hairs 
per leaf on lower leaf 
surface, in thousands 

Average number of hairs 
per cm.2 on lower leaf 
surface, in thousands 

Avassolouk 

Widely spaced 

9,139 

9,811 

268.9 

289.6 

1.07 


Closely spaced 

2,518 

5,305 

90.4 

168.4 

1.86 

Broussa 

Widely spaced 

7,722 

11,216 

257.9 

377,6 

1.42 


Closely spaced 

4,136 

7,535 

141.4 

256.8 

1.81 

Btanimaka 

Widely spaced 

31,361 

11,057 

408.1 

401.1 

0.98 


i Closely spaced 

6,027 

5,983 

195.5 

195.1 

1.00 

Cash 

Widely spaced 

11,053 

12,587 

516.6 

588.3 

1.12 


Closely spaced 

3,257 

7,258 

158.1 

352.0 

2 °2 


To prepare table 4 an average number was first obtained for comparable 
structures of widely spaced and closely spared plants. This number for the 
latter kind, divided by that for the former, yielded the percentage relation¬ 
ships recorded. When thus presented, the magnitude of differences between 
closely spaced and widely spaced plants is found to be of the same order 
each year. The data show that the closely spared plants had approximately 
40 per cent as much leaf area as widely spaced ones and 60 per cent as many 
hairs, but there were from 30 to 50 per cent more hairs per unit of leaf 
surface. 

A second experiment, involving further intensification of competition, 
was devised to seek a reason for these differences in response to spacing. In 


TABLE 4. Comparative Effects f*f Spacing. Trials in 1944 and 194 ii. 
(Data on widely spaced plants regarded as 100; 


Structure's compared 


Proportionate leaf area of closely spaced to 
widely spaced plants , 

Proportionate total hair population per plant of 
closely spaced to widely spaced plants 
Proportionate leaf size of closely spaced to 

widely spaced plants . 

Proportionate hair population per leaf of closely 
spaced to widely spaced plants , 
Proportionate density of hairs per om.2 of closely 
spaced to widely spaced plants. 


Year 


1944 

1945 

45.6 

40.5 

61.2 

58.3 

48.4 

40.4 

59.9 

57.2 

130.1 

149.5 
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this instance each variety was spaced as in the previous experiment and in 
addition each variety was so planted as to have approximately twice as many 
plants per length of row as occurred in the closely spaced rows. Leaves from 
the median stalk region were taken for analysis, and average results for the 
three spacings are presented in table 5. 

The most noteworthy features in table 5 for each variety are: (1) that 
the plants, spaced most closely, have the smallest leaf area and bear the 
smallest number of hairs; (2) that the smallest leaves do not have the densest 
hair population; and (3) that each variety responds to competition to a 
different extent. These results indicate that an optimum spacing interval 
“between rows” and “within the rows” exists, and should be sought experi¬ 
mentally for each variety. These intervals are determinable only from results 


TABLE 5. Effect of Spacing on Leaf Size and Hairiness 


- 

■■ - 


Average nura- 

Average num- 

Variety 

Spacing, 

Average leaf 

her of hairs 

ber of hairs 

inches 

area, cm.- 

per leaf in 
thousands 

per cm .,2 in 
thousands 

Ayassolouk 

48 x 24 

372.0 

293.8 

0.79 

20 x 5J 

148.8 

109.0 | 

1.15 


20 v 3 

89.9 

94.0 

1.05 

Bnmssn 

48 v 24 

348.0 

427.0 

1.20 


20 < oh 

187.9 

235.4 

1.24 


20 x :t" 

90.5 

104.0 

1.15 

Cash 

48 >. 24 

550.4 

483.5 

0.87 


20 v r>| 

210.8 

350.0 j 

1.03 


2n . 

124.1 

190.1 

1.53 


of series of trials, and hairiness and correlated leaf size may be used as a 
basis of judgment. It cannot be too strongly emphasized that per unit area 
population of hairs and leaf area must be considered as a unit in such trials. 
Were this done it should show that both yield and quality are optimum when 
the plants are suitably spaced. To space the plants more widely that opti¬ 
mum might be expected to increase yield at the sacrifice of quality or to space 
them more closely might adversely impair both yield and quality. Should 
these conclusions be verified by future extensive field trials, then hairiness 
constitutes a criterion for appraising a balance in the growing plant between 
quality and yield. Moreover the investigator then has, for the first time, a 
means for determining under what conditions optimum hairiness may be 
produced. 

In the foregoing experiment, there was a detectable difference in kind of 
aroma, as measured by the sense of smell, among the leaves of each variety 
when differently spaced. It may be assumed that each of the factors entering 
into the complex called spacing operates to modify rtot only population 
density of glandular hairs, but at the same time the amount and kind of 
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material synthesized by the glands. The net result should be differences in 
proportion of ethereal oils produced, and hence in differences in quality of 
aroma. 

LIGHT 

That hairiness varies in response to differences in light and moisture is 
a general observation, known by many of the older students of plants. De 
Candolle (1841) concluded that “ non-gland ular hairs are, in general, rare 
in plants which grow in the shade, or in rich and moist places'* and “are 
more abundant, generally, in those which grow in warm and dry places, 
much exposed to the suii.” Vesque and Viet (1881) showed that the number 
and length of hairs on leaves is increased by the stimulus of light and of dry 
air. Mer (1883) also concluded that exposure to light and dryness favors 
increase in hairiness. 

Yapp (1912), from observations on Spirea ulmaria L„ concluded that 
“ (b) On the erect flowering shoots of adult plants there is a regular succes¬ 
sion of glabrous, partially hairy, and completely hairy leaves. The earliest 
radical spring leaves are glabrous, the cauliue leaves hairy, (c) The non¬ 
flowering shoots of adult plants produce only radical leaves. The earliest of 
these are glabrous. Subsequently, the successive leaves exhibit increasing 
hairiness up to June or July, after which they are deereasingly hairy, till 
finally glabrous leaves are once again produced in autumn . . . seasonal 
periodicity in the production of hairs is a widespread phenomenon.*' He 
regards increased hairiness as a xeromorphic response, i.e., the result of 
factors or conditions that impose on the plant a need for increased economy 
of water. There are those who would question these interpretations by Yap)). 

I<torn perusal of pertinent reports of ecological investigations one is 
forced to conclude that there exists a paucity of experimentation on the 
extent to which hairiness is modified by environment and how hair-coatings, 
in turn, modify plant activities. That hair-coatings decrease water loss appre¬ 
ciably was brought into question by Sayre (3920). He removed the hairs 
(non-living and non-glandnlar) from mullein. Verbascum fhapsus L., and 
then exposed one set of these plants to light and wind and another to light 
and still air, finding that there were no marked differences in water loss. The 
reason assigned by him for this lack of dissimilarity is that amount of water 
lost through the cuticle is small in comparison with that lost from internal 
tissue (mesophyll). 

The present field experiments bearing on the influence of light involved 
comparison of artificially shaded plants with those grown fully exposed to 
normal illumination. The light intensity under the artificial shade was re¬ 
duced from 40 to 60 per cent, as measured with a photometer. Comparative 
data obtained from analyses of leaves of these two groups of plants are 
shown in table 6. 
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TABLE 6. Comparative Effects of Artificial Shade and Normal 
Illumination on Hairiness 


Variety 

Average leaf area, 
cm. 2 

Hairs per leaf, 
in thousands 

Hairs per cm.2 

►Shaded 

Not 

shaded 

Shaded 

Not. 

shaded 

Shaded 

Not 

shaded 

Ayassolouk 

130.5 

. _ 

148.8 

112.2 

109.6 ! 

860 

1150 

BrouHsa. .. 

128.8 

187.9 

135.3 

235.4 

1050 

1240 

Cash 

134.2 

210.8 

214.7 

350.0 

1600 

1630 


It may be seen from table 6 that the leaves of shaded plants were smaller 
and had fewer hairs, although the population of hairs per unit area was 
larger than on the non-shaded plants. Actually the leaves of shaded plants 
were approximately two-thirds as large as those in full light, and the hairs 
were about three-fifths as numerous, whereas the population density of hairs 
was about 10 per cent greater than that of the plants in full sunlight. 

Since shade-grown leaves of many species are known to be larger than 
those grown in full light it was anticipated that the shaded leaves would 
have been the larger. Roth intensity and total amount of light available to 
these closely spaced plants may have been insufficient, and therefore the 
unexpected outcome may be attributable properly to inadequacy of light. Be 
that as it may, the results are in accord with previous studies in showing 
that decreased illumination may decrease the total hair population per leaf. 

hi another experiment comparison was made of hairiness of field-grown 
Katarini tobacco leaves, developed in early summer, with that of sucker 
leaves that developed on stubbles during the latter part of the growing 
season. Comparison was also made, using the same variety, of hairiness on 
leaves that developed on suckers from stubbles transplanted into the green¬ 
house in late summer. One set was exposed to normal greenhouse light and 
intensity of light for the other set was reduced approximately 75 per cent 


TABLE 7. Effects of Lirjht on Hairiness of Leans of Katarini Tobacco 


Growth conditions 

Average leaf 
area, cm.2 

Average' num¬ 
ber of hairs 
per leaf, in 
thousands 

Average num¬ 
ber of hairs 
per cm.2 

Field grown, during summer 

192.0 

170.8 

890 

Suckers (field grown) arising 
from stubbles in late summer 

83.2 

123.1 

1360 

Suckers arising from stubbles 
transplanted into greenhouse. 
Full light . . . . 

93.3 

84.3 

901 

Suckers arising from stubbles 
transplanted into greenhouse. 
Light reduced by shade tent 

92.3 

64.1 

695 
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by a cloth-covered shade tent. The comparative measurements from this 
experiment are given in table 7. 

The most significant features in table 7 are those dealing with differences 
in average total number of hairs per leaf. The leaves of field-grown suckers 
had approximately 70 per cent as many hairs as did leaves grown during 
early summer. Moreover, the leaves on suckers grown under full exposure to 
light in the greenhouse had about 70 per cent as many hairs as did those of 
sucker growth in the field, and the leaves of suckers under the screen in the 
greenhouse showed marked further reduction in hairiness. 

Since reduction in hairiness of tobacco leaves occurred in all cases in 
which light intensity was reduced, it is concluded that light may be made 
to function as the dominant factor in modifying hairiness. 

GENERAL CONSIDERATIONS 

The fact that a knowledge of hairiness of tobacco leaves may be employed 
to evaluate aroma becomes significant in the light of evidence that both 
quantity and quality of aroma are controllable and modifiable to a consider¬ 
able degree. There is reason to believe that varieties of tobacco having aroma 
superior to that of varieties now in hand can be developed by selection and 
hybridization. Support for this belief arises from the fact that several kinds 
have already been made more uniform by selection, and these selected strains 
have shown themselves superior in vigor, leafiness, and leaf size. They are, 
at the same time, more hairy than progeny of non-selected stocks and it seems 
highly probable that they will prove to be more aromatic. Additional support 
for anticipating that continued improvement in kinds of tobacco can be 
effected stems from results of genetic studies with other species of plants. 
Such studies in their entirety contain nothing to counterindicate the possi¬ 
bility of further improving the aromatic potentialities of oriental varieties 
of tobacco. 

The experiments thus far conducted are in accord in showing that tobacco 
plants produce leaves differing in hairiness as a response to differences in 
spacing and to differences in nutrients. Observations with other kinds of 
plants provide additional support, for the existence of such relationship of 
responses to environment. Raunkiaer (1934), for example, noted that very 
hairy-stemmed rye plants occurred more frequently in portions of the field 
having the drier soils. Moreover the least hairy plants ripened appreciably 
earlier than the densely hairy ones. As previously noted, hairiness and ma¬ 
turity in tobacco seem to be similarly correlated. Again, Kisser (1927) found 
that hairiness of wheat is modified by the presence of certain salts. Plants, 
in solution culture, supplied with Ca, Mg, or Na were less hairy than those 
supplied with distilled water only. It would seem to follow, since hairiness, 
and hence aroma, can be changed by spacing and by nutrition, that hair 
analyses should be employable to determine proper practices of spacing and 
of application of fertilizers for oriental tobaccos. 
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It may be presumed that there exists a relationship of moisture to hairi¬ 
ness and a study of this factor was planned. However, periods of stress from 
lack of moisture did not occur in 1945, but instead the abundant rainfall 
throughout the growing period provided almost continuously an excess of 
water. 

Establistment of the fact that genetic and environmental factors control 
volume of aroma is of coordinate importance with determination of whether 
quality of aroma is at the same time also controllable. One might assume that 
quantity and quality of aroma are inseparably correlated, at least within 
certain intensity or volume ranges, and hence an analysis of hairiness might 
be expected to serve indirectly as a measure of quality of aroma. Support 
for this assumption stems from the fact that, to date, from spacing trials, 
it has been possible to detect differences in odor between the leaves of one 
and the same variety when the plants were grown differently spaced. The 
possibility that such differences in quality of aroma could exist may best be 
appreciated by recalling that the odors are constituted of a complex mixture 
of ethereal oils. According to Bruchncr (1936), these ethereal oils are alde¬ 
hydes. ketones, esters, and acids of various kinds and their cleavage products, 
all separable from tobacco leaves by steam distillation. During such distilla¬ 
tion the resins, which are high molecular polymers, are cleaved to liberate 
various volatile oils. Even if one assumes that all varieties of tobacco elabo¬ 
rate the same complement of chemical entities, an unwarranted assumption 
but one that remains to he ascertained, it seems possible that variation in 
spacing, nutrition, moisture, light, or other factors might induce differences 
in the proportion of materials synthesized, and thereby cause the aromas to 
be different. Convincing proof of this remains wanting, however, because 
there are no suitable methods for measuring quality of aroma. Such lack 
constitutes a serious handicap in attempts to improve varieties of tobacco 
and in measuring responses to different environments. Attention might well 
he given, as a next step, to improvisation of methods to analyze quality of 
aroma. 

SUMMARY 

Studies involving hairiness of tobacco have been continued. The results 
show that hairiness can be increased by hybridization and/or selection. Addi¬ 
tional evidence lias been secured that hairiness is modified in response to 
spacing practices and in response to light. These findings indicate (1) that, 
to a degree, both the volume and quality of aroma are controllable; (2) that 
all varieties of oriental tobacco may not produce tobacco of largest yield and 
best quality if spaced alike; (3) that analysis of hairiness seems to provide 
a means of determining proper spacing and fertilizer practices. 

Duke University 

Durham, North Carolina 
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ON THE USE OF ARTIFICIAL HEAT IN THE PREPARATION 
OF HERBARIUM SPECIMENS 

W. H. Camp 

The perennial discussion of 4 ‘naturally dried” vs. 44 heat-dried” speci¬ 
mens lias been recently revived by Professor Fernald (Rhodora 47 : 258-260. 
1945) ; his arguments are reinforced by included comments by Bayard Long. 
From the combined texts the main objections to the drying of specimens by 
artificial heat seem to be (1) the loss of any glaucescence which might be 
present, (2) their greater likelihood to fracture and fragment, and (3) a 
more than implied tendency by users of the artificial method to hurry the 
material through the drying process and so fail to obtain specimens which 
are satisfactorily arranged on tlie sheet. 

As a confirmed user of the “artificial” method 1 must bow to the accu¬ 
sation that specimens with just those unfortunate drawbacks van be so pro¬ 
duced. However, it is possible either to avoid or overrule these objections 
to a large extent. 

Regarding the first one—that of loss of glaucescence--there is hut little 
that can be done about it. Having some slight experience with a group of 
plants (the Vareiniaeear) where the item of glaucescence is of considerable 
importance, it lias been my experience that, no matter whether the “arti¬ 
ficial” or 44 natural” method is used, 1 still cannot rely with surety on the 
character in the dried state since, in this group, the glaucescence is the result 
of an oil-air-emulsion and usually is easily lost by the mildest of abrasions 
either during collection or in press. It is obvious that the use of specimens 
over a period of time also tends to dim this character--at least in the blue¬ 
berries—and so I have deemed it best to rely almost entirely on notes taken 
in the field. It would seem then that, for at least some groups, the objection 
raised by Professor Fernald that the drying of specimens by artificial heat 
does not permit him to make certain identifications might quite as well be 
critically directed at the field habits of collectors themselves as with their 
method of drying the plants. 

As an example, 1 have close at hand a packet of specimens which l am 
checking—specimens for the most part made by well-known collectors. In 
making a selection from this packet care was taken only to ascertain that 
the specimens had been collected by those who were botanists (ami for the 
greater part taxonomists) and therefore ought to know the problems con¬ 
fronting the systematist. On each of these sheets there is a ticket explaining 
in considerable detail exactly where the material was collected—data usually 
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so excellent that one could return to the exact locality and recollect the mate¬ 
rial if so desired. However, on not a single one of these is there the slightest 
indication by collector’s notes whether the material was a tree or shrub 
(being of the genus Vactinium one can only trust that they were shrubs); 
nor is there any note concerning the type of plant—i.e., whether solitary or 
in clumps (clon-forming). Naturally, with those omissions, one scarcely 
would expect that items such as the relative glaueescence of the upper and 
lower surface of the leaves or the glaueescence of the fruit would be re¬ 
corded, but one might logically expect that at least some mention could have 
been made of the color of the flowers or mature fruit (all of which are of 
considerable importance in the systematics of this group). However, the 
greatest lack apparent on these tickets is that of height of plant. Of these 
specimens (and I repeat, they were taken more or less at random—the first 
dozen or so which came to hand in the parcel nearest me) only 1 records this 
item of plant height, an item often extremely useful in classification. 

As Long notes in his personal communication as printed by Fernald, 
“Of course it [artificial drying] saves ‘busy’ men much labor but it pro¬ 
duces a very unsatisfactory grade of specimens." Fernald then continues 
under his own momentum: “It is evident that we must remember the old 
saying, that ‘haste makes waste.’ ” One can but be curious whether the collec¬ 
tors of these specimens (well known for their use of the “natural method”) 
might not have been so “busy" changing blotters, running in and out 
between showers trying to dry them, and occupied with the other myriad of 
similar chores attendant to their favorite system of specimen preparation, 
that they had no time while in the field to jot down what might reasonably 
be thought of as a minimum of data concerning the habits and characters 
of the living plants. Possibly in their attempt to achieve “pretty” specimens 
they eon Id not be bothered with one of the really basic elements of taxo¬ 
nomic study—that of a set of effective field notes. One wonders if instead of 
“haste makes waste” it might not be otherwise—a case of “borrowing from 
Peter to pay Paul”? 

It would therefore seem that a method of handling specimens in the field 
which liberates the collector from the tedium of changing blotters ought to 
be welcomed, one giving him more time to study the material in the fresh 
state, sufficient at least to record adequate notes. So far as the objection that 
artificial drying destroys glaueescence is concerned, it might well be disre¬ 
garded. It would seem that the character of glaueescence ought to be re¬ 
corded along with such items as flower or fruit color, as well as the height 
and habit of the plant. 

Now for the objection that artificial drying makes the plants brittle. It is 
a true and certainly valid objection if the material is not properly handled 
before beitig put on the heat. In his first paragraph Professor Fernald—and 
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quite rightly—points out the proper procedure. Except in emergency cases 
or with certain materials, the specimens should stay between blotters for a 
full 24 hours before being: placed between the corrugates and on the heat. 
So far as 1 know no actual research has been done on this item, but there is 
no doubt that, generally, the results are much better if the “sweating’* 
period is carefully attended to; the result is specimens which usually are 
quite as flexible and rarely more brittle than those naturally dried, it would 
seem that during the “sweating’’ process-—and because of the. exclusion of 
air in the press—there is a slightly modified form of anaerobic oxidation 
within the plant tissues so that instead of the more common oxidation of the 
carbohydrates at least slightly greater amounts than usual are changed to 
fatty compounds and that it is these substances which, slightly diffused 
through the tissues, lend a certain pliability to the completely dried speci¬ 
men. While this statement is certainly in the realm of speculation the net 
result does indicate the advisability of the “sweating” process prior to 
drying by artificial heat. 

Nevertheless, even after due care is taken with the sweating, there yet is 
danger that the heat becomes so great that it leaves the specimens brittle. 
Again, it is my opinion that excess heat drives off these fatty compounds by 
distillation and that herein lies the danger rather than in the use of “arti¬ 
ficial” methods. When a press over the heat source is too hot for the hand 
it is too hot for the specimens. Certainly a “rule of thumb” but nonetheless 
effective. 

The third objection—voiced by Mr. Long—is that “They | the specimens] 
get dried without even being examined again (while green and fresh) and, 
of course, there is no opportunity (if desire) to straighten leaves, draw 
flowers or fruit into view, or any of the other desirable “fixing” which 
results in good specimens.” It is obvious that if the specimens are placed 
directly over the heat there would be no opportunity to arrange them. But 
one might ask : Just how often is it necessary to paw over a specimen before 
it- is properly arranged? If the program suggested by Professor Pern aid 
(and agreed with in completeness by me) were followed, it would seem that 
ample opportunity would be afforded for a preliminary arranging of the 
specimen as it was first placed in press and also for a final inspection and 
“fixing” after the “sweating” process is complete and just before being 
placed in position for drying. It is a rare specimen indeed which at the end 
of a 24-hour period of “sweating” is not sufficiently “tamed” that its parts 
will not lie in place when arranged for the final drying. 

Having but recently returned from a trip into one of the moister parts 
of South America, l feel perhaps somewhat qualified to mention certain 
items relative to the problems of collecting under conditions which possibly 
would not be classified as the most ideal. 1 trust that this personal reference 
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will be pardoned, but the figures are at hand and the situation available from 
my notes and memory. It will suffice, therefore, to say that from the latter 
part of July to the first part of September, 1945, my two local Cholo 
helpers and 1 were in the Cordillera Oriental of Ecuador working from 
about 7,500 feet up to elevations of approximately 11,500 feet. At best the 
trails were poor; sometimes they were non-existent, in such instances necessi¬ 
tating the slow and laborious cutting of paths, often through dense thickets 
of Chmquea (the bamboo-grass so characteristic at these altitudes). It is a 
region where the annual precipitation may equal—or even exceed—200 
inches; also, it was the height of the rainy season. Those who have worked 
at the higher elevations in the wetter parts of the Andes will understand 
the conditions under which we labored without further expansion of this 
topic. It might also be added that we were in a zone which, so far as I am 
aware, had never before been systematically collected. 

During the 41 days we were in that particular zone only two or three 
were sufficiently sunny so that blotters could have been dried and on the 
great majority the sun did not show at all; most of the days it just rained. 
Yet in spite of this our little group returned from this particular area with 
more than 6,600 sheets of herbarium material in about 1,000 numbers. These 
figures are not given in a spirit of boasting, for it doubtless has been far 
exceeded by others in a like period. But of this l am quite certain : had we 
relied on the natural method of drying by means only of blotters, our haul 
from this area would have been numbered in the hundreds instead of 
thousands. 

We used kerosene stoves as a heat source and there were times when, with 
materials jamming the presses, it was necessary to place certain specimens 
directly on the fire without the necessary preliminary “sweating” so as to 
keep the collections rolling and the drying process and stoves working at 
maximum efficiency. Much as I regret the fact that certain of these collec¬ 
tions might not make quite so satisfactory specimens as one would like, other 
factors overbalanced that item. Considering the extent of our ignorance of 
the flora in that region, it would seem from the standpoint of the working 
taxonomist that a specimen, “in herb." and with duplicates (even if slightly 
brittle and possibly with not all the leaves properly placed on the sheet) is 
worth considerably more than a whole mountainside of the same species as 
yet uncollected. 

Another of the arguments against the use of artificial heat and the 
necessary corrugates in drying is that they tend to produce parallel ridges 
on the specimens. In certain cases and with particular materials, this is true. 
But I always have had the feeling that it is much better to work with a 
slightly corrugated specimen which was properly dried than one in which 
the flower parts had become heavily infested with fungi or eaten by larvae 
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already present in the material when collected—an ever-present danger in 
the much slower process where only a series of blotters is used, and a double 
danger under tropical conditions in the rainy season. It is also true—and 
especially so at certain seasons and while working with primarily woody 
forms such as one encounters in tropical regions (and a crying fault of many 
autumnal collections of woody materials in the temperate zone)—that too- 
Jong a wait in the “sweating” process accelerates the production of the 
abscission layer so that, although the parts have been quite prettily arranged, 
they promptly fall off. leaving only a bare stem and a hand full of loose 
leaves and flowers or fruit. The only remedy for such types under ordinary 
field conditions is to put them oil the heat and dry them out as quickly as 
possible—and before the abscission layer lias had time to fully form. There¬ 
fore where large “mushy” flowers are concerned as well as those in large 
and complicated clusters and so often subject to larval depredations while 
in the fresh and semi-fresh conditions, as well as those groups especially 
prone to dropping their leaves, it most certainly is not true that “haste 
makes waste.” There are times when haste is the only method whereby 
material may be obtained in anything approaching a satisfactory condition. 
The desiccated start of a fungus culture, a larva killed by heat, or an incom¬ 
pletely formed abscission layer, are not feared by the collector; uncontrolled 
by prompt action, they result in nearly useless specimens. 

In his introductory sentence Professor Fernald mentions the use of 
“corrugated pasteboard” thereby passing by what one might suppose would 
cause him even more alarm—the present vogue for the use of metal corru¬ 
gates. Having used all methods—blotters only, corrugated pasteboard with 
double facing, single-faced paper corrugates as well as several styles of 
metal corrugates--l have come to the conclusion that, by and large, the 
metal corrugates lend themselves to the problem of extensive collecting 
better than any other. 

In the first place—and I would make it clear that the following remarks 
apply primarily to “expedition collecting” in regions and at seasons where 
the humidity is high—the blotter method can be excluded on the following 
counts: (1) It consumes time which might better be spent both in the field 
and in the assembling of adequate notes; (2) there is too much danger of 
spoilage by fungi and minute larvae (the application of an alcohol-formalde¬ 
hyde solution is, in my opinion, only an emergency measure at best) ; and 
(3) even if conditions were such that blotters could be used, the factor of 
bulk still would rule them out. Where supplies must be carried by plane, 
by canoe, by mule, or even at times on the backs of men, both bulk and 
weight are very considerable items and add materially to the expense of 
collecting. 

As far as double-faced corrugated pasteboard is concerned it does have 
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certain advantages where one wishes to speed up the drying process to a 
considerable extent. But where the corrugates must be used repeatedly the 
openings tend to close up all too quickly and so the whole reason for using 
them is defeated. Unless the ducts are fully open, permitting a rapid desicca¬ 
tion, the specimens tend merely to “stew in their own juices” and so do 
become brittle after ultimate drying. I have long had the opinion that many 
of the criticisms leveled at the drying of specimens by the use of corrugates 
actually stemmed from this failure of the process rather than from the use 
of artificial heat. Besides the fault that the double-faced corrugates all too 
soon become worse than useless, they also are quite uneconomical of space 
and bulk too much in the baggage. 

While the single-faced paper corrugates occupy much less space than 
the double-faced ones (because they can be “nested”) and are therefore 
more to be desired, they also have the failing of ultimately breaking down 
and becoming useless. However, in the long run, I prefer them to the double- 
faced type. This is especially true if transportation is not too great an item, 
but only if a completely adequate supply can be carried along. One of the 
problems confronting the collector in regions where supplies are not readily 
available is that of material for packing the bundles of dried specimens. 
Although the single-faced corrugated pasteboard has a life-span which is not 
overly great, yet with careful use and a little planing it reaches the end of 
its usefulness in the drying press about as fast as one has need of reinforcing 
for the bundles; thus, having outlived its usefulness as a drier, it next be- 
eomes useful in wrapping and proteeting the already dried specimens. For 
ordinary collecting one can expect to consume about 100 corrugates per 1,000 
specimens; that is, a single-faced corrugate can be used about ten times. It is 
to be admitted that during the last half of its life it is not nearly so effective 
as when new. This also increases the time on the fire and therefore adds to 
the danger of overheating the specimens while stili wet; it also increases the 
amount of fuel needed to complete the drying process, certainly an item 
which cannot be ignored. 

This brings us to the metal corrugates. They have two great advantages. 
The first is that with any reasonable care their life-span is indefinite. The 
second is that although unit for unit they weigh considerably more than 
cardboard corrugates, the total weight of a set of metal ones needed for even 
a moderate trip is considerably less than that of cardboard ones necessary 
for a like amount of specimens. The problem of wrapping the dried material 
is still with the collector, but it has been my experience that a roll of heavy 
wrapping paper (preferably the type used by nurserymen to wrap plants— 
double-faced with a thin layer of tar between) serves quite as well as the 
ultimately flimsy corrugates and has the added advantage of being both 
waterproof and (because of the tar) insect-repellaut. Furthermore, when 
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one nses metal corrugates, they can be forgotten while moving the scene of 
operations. One has enough to worry about while moving about, what with 
seeing that the food, the equipment, and specimens already collected are 
snug and dry. Accidents can and will happen : cases of equipment have been 
left out on docks in some port during the rainy season, a box can be dropped 
out of the canoe as it is being unloaded, a carrier can slip while crossing a 
stream and fall with his load, or a careless mule driver may not have taken 
sufficient care with his cargo cover during a long trek in the rain. With metal 
ones the collector never has the sorry experience of opening a packing case 
expecting to find corrugates, only to find a useless pulpy mass instead. 

It is to be admitted that, because of their lower pliability, the metal 
corrugates tend less to follow the contours of the specimens than do the paper 
ones and so may cause some secondary corrugation of the specimen. But with 
a slight amount of practice the drying presses can be so packed that this 
item usually causes but little trouble. If one starts correctly in the begin¬ 
ning of the pressing process, laying the butts or thicker parts of the material 
in rotation in the different corners, this will carry right through to the 
drying press; and it is surprising how little trouble is encountered and how 
even the press will be. 1 It is true that in flimsy-textured materials a slight 
amount of residual corrugation of the specimen may occur. But it is just 
such materials which cause the greatest trouble under tropical conditions. 
Again, it should be pointed out that there are those who would rather work 
with a specimen intact but which has a few minor and scarcely visible corru¬ 
gations on it than one which had become half-rotted and ail but buried on 
a mat of fungal hyphae in the drying process. 

In my own use of metal corrugates I have come to the conclusion that the 
most efficient order of parking in the drying press is as follows: corrugate— 
specimen in folded newspaper—blotter—-specimen in folded newspaper— 
corrugate; etc. In the first part of the process over the heat the press may 
be so placed that the newspapers open downward; toward the end the 
presses should be reversed so that the crease in the paper is at the bottom, 
thereby making certain that no odd fragments (extra flowers included for 
dissection, etc.) can fall into the fire and so be lost or perhaps cause a slight 

i In passing it might be noted that the same principle applies to the mounting of 
herbarium specimens. While the individual specimen may look better mounted in the 
“classical manner*’ as advocated in certain places—-with the label at the lower right 
corner (where it ought to be) and the stem-butt at the lower left—a constant, rotation 
of the position of the bulky parts of the specimen in the long run will keep the sheets 
more or less level on the herbarium shelves and so avoid the “cascades M of sheets and 
“camel-backed * * covers which one sometimes encounters. It is obvious that if this is 
done in the mounting room there is chance that a few pigeon holes will cause some trouble, 
but the law of averages usually holds the specimens on an even keel. In certain woody 
groups the saving in herbarium space is as much as 35 per cent; in extreme cases it may 
be almost 40 per cent. 
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burst of flame which, under certain conditions, might cause a blaze. With 
particularly tender materials, perhaps some special specimen with an un¬ 
usual flower cluster or possibly some item of extreme interest with the flower 
parts already dissected and laid open, the order in the press might be slightly 
different: corrugate—blotter—specimen in folded newspaper—blotter— 
corrugate. 

Then there is perhaps necessary a word about the corrugates themselves. 
They may be made of “tin” (tin-plate), but the best of them tend to corrode 
and wear with use and so start rusting. Aluminum would be better; and it is 
likely that a little scouting among the newer of the light-weight alloys would 
reveal some excellent materials. A combination of lightness and tensile 
strength without brittleness would be ideal. So far as the size of the corru¬ 
gations is concerned—and having used several types—it is my opinion that 
they should be about 1.5 cm. from crest to crest with a total depth of 0.5 cm. 
This may appear to be a little coarse to some workers, but it is my experience 
that if the corrugations are shallower the plant parts tend to squeeze into 
the “valleys” stopping up the ducts and so defeat the whole purpose of the 
set ui>. On the other hand if the distance between crests is cut to less than 
1.5 cm. the surface of the edge in contact with the specimen necessarily will 
have to be too sharp and so tend to add to the creasing. 

This problem of creasing when using corrugates of any kind—and espe¬ 
cially with the metal ones—has been alluded to so often that 1 am moved 
to make several additional observations on their use. Custom and habit often 
influence our methods. Most of us began our plant pressing by using blotters, 
where we learned to “heave on the straps and squeeze out the water.” And 
1 have seen many a fellow collector stand on the press (sometimes even jump¬ 
ing up and down) while his assistant grunted over the fastenings. There is 
considerable sense to this procedure where blotters alone are used, for pres¬ 
sure does get rid of some of the water and, furthermore, an intimate contact 
between the plant and blotter speeds up the process of diffusion. Curiously 
enough, I have seen certain collectors use much the same technique when 
“trying out” the metal corrugates for the first time. It is not necessary; 
actually it is this unnecessary pressure which forces the specimen into the 
corrugations, not only slowing down the drying very considerably but also 
producing the ridging on the specimens bemoaned by so many. A firm con¬ 
tact between the specimen and press is all that is needed. 

Naturally, it will be necessary from time to time to tighten the fastenings 
on the press—but that is also true of those specimens dried entirely with 
blotters. The trouble is that with the use of metal corrugates over even mod¬ 
erate heat the drying process goes on so rapidly that a collector who has not 
used them previously waits until the press is loose. By that time the speci¬ 
mens often have shriveled and already dried beyond the point where any- 
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thing can be clone with them. After a tough day in the “bush” and with 
three or four hours more spent beside a dim kerosene lantern or flickering 
candle checking over and possibly amplifying field notes as well as arranging 
the specimens collected the previous day (and which already have gone 
through their 24-hour period of “sweating”), it is not always a particularly 
easy thing to wake up two or three times during the night and crawl out 
from between warm blankets to check the fires and see that the press fasten¬ 
ings are snug, but it is part of the job. During those nocturnal chores—done 
almost automatically after a while—one often can hear the sibilant patter 
of rain on the thatch. It rained all the day before—and the chances are very 
good that it will rain all the next day—just as it has for so many days in 
succession. But no matter. The collecting keeps on and (what is more impor¬ 
tant) one knows that the specimens are being dried on schedule. For the 
conscientious collector there is a peculiar brand of comfort in this knowledge 
as he crawls back into his blankets. 

The New York Botanical Garden 
New York 
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THE EVALUATION OF TAXONOMIC CHARACTERS OF 
CULTIVATED BRASSICA WITH A KEY TO 
SPECIES AND VARIETIES—I. 

THE CHARACTERS 1 

Von Gee Sun 

INTRODUCTION 

A better classification of Brassica lias long been needed. While much has 
been published on this genus, workers from the time of Bugler and of Bailey 
to the present have been influenced by the demand of agricultural botanists 
for a satisfactory agricultural classification. The author believes that the re¬ 
sulting combination of botanical principles and agricultural convenience is 
responsible for much confusion. 

The evaluation of morphological characters in conjunction with studies 
of genetics and cytology of interspecific hybrids has been used by the writer 
in making a classification based primarily on botanical principles. 

It should be emphasized also that most quantitative characters have been 
overlooked by the taxonomist because of the difficulty of observation and a 
lack of standard methods for group comparison. It is easy to investigate* a 
quantitative character by means of small sample measurements and analysis 
of variance. The writer applied this method to quantitative characters of 
different species of Brassica in order to evaluate them taxonomically. Be¬ 
cause of the lack of detailed genetical studies of the genus, he has not arrived 
at a final conclusion on the entire taxonomic problem. 

REVIEW 7 OP LITERATURE 

The more important of the older contributions to the classification of 
Brassica are those of Bailey (1922) and of Engler and Gilg (1924). Recently 

1 Contribution from the Department of Agronomy, College of Agriculture of the 
National University of Chekiang, where the author is Professor of Agronomy and Director 
of the Agricultural Experiment Station. 

This paper was originally addressed to the Botanical Review, being forwarded by the 
Department of State. It was sent then to the editor of the Bulletin, and by him submitted 
for review and criticism to T)r. H. K. Haves of the University of Minnesota. At the in¬ 
stance of the latter the paper was carefully read by I)r. T. M. Currence and Dr. A. E. 
Hutchins of the Department of Horticulture of the same institution, who made valuable 
suggestions and effected some modification and condensation. Certain additional changes 
were made by the editor; a few figures were omitted. Because of current conditions it was 
obviously impractical to communicate with the author in the usual way about his paper. 
The editor trusts that these emendations will prove acceptable to him. 

Part II, containing a discussion and the key to species and varieties, with the list of 
literature cited, will appear in an early issue. Publication of the figures waa assisted by 
the Lucien Marcus Underwood Memorial Fund. 

244 



19-40] 


SUN: BRASSICA 


245 


Morinaga in a series of important papers (1929a,b,c, 1931, 1933, 1934) dis¬ 
missed the naturaJ species-groups of Brassica in the light of evtological work 
and indicated the principles of a classification which should be acceptable to 
taxonomists. 

Engler and Gilg divided the Cruciferae into two main groups, as follows: 

A. Hairs unbranched or none; no glandular hairs. 

B. Hairs all or in part branched, only seldom lacking; glandular hairs sometimes 
manifest. 

Under A we find the Sinapeae, characterized as follows: 

Sinapeao. Stigma strongly developed over the placenta, on a capitate or 2-lobed style. 

This tribe is divided as follows: 

b. Cotyledons arising at the curve of the embryo. 

ji. Mostly with lateral and median nectaries; fruit mostly a silique, seldom a 
silicle or a transversely jointed silique or indehiseent. 

IT. Style 2-lobed or suppressed. 

BroMHietnat . Cotyledons conduplicate; nectary present; silique some¬ 
times transversely jointed. 

Four genera, Eruca , Sinapis, Brassica , and Raphanus , were mentioned 
under this tribe. Five cultivated species exclusive of Sinapis alba were recog¬ 
nized in Brassica. These are: B. niyra Koch; B. ale raced var. acephala DC.; 
vur. yonyyloides L.; var. ynmnifera DC.; var. sabauda L.; var. capilata L.; 
var. botryiis L.; B. cant pest r is L. ( = B. rapa) var. annua (summer oil seed 
type); var. oleifera (winter oil seed type); var. rapifera (turnip) ; B. napus 
L. var. annua (summer rape); var. oleifera (winter rape); var. napo- 
brassica: and B. juncut Coss. 

In the opinion of the writer the exclusion of Sinapis alba from Brassica 
should receive the careful attention of .present workers. The classification of 
varieties in the B. campcstris ami />. juncea group also needs investigation. 

Bailey (1922) described species and varieties of Brassica in great detail. 
He separated the genus by the following characters: 

A. Species with fr. plainly dehiscent by 2 valves. 

B. Fr. a narrow silique, manifestly longer than broad, the septum or partition 
usually flatwise of the pod and as broad as the valves. 

0. Seeds in a single row or series lengthwise the pod in each compartment. 

I). Stigma simple or essentially so, and nearly or quite capitate. 

E. Plant glabrous, or if hirsute or pubescent then with simple hairs. 

F. FIs. yellow or ochroleucous, 

0. Length of fl. 1/4 in. or more; petals distinctly clawed; 
cotyledons conduplicate. 

About 20 cultivated species were described; Sinapis alba was considered 
as a member of the genus. From an inspection of the available material, also 
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from Bailey’s original description, it can be seen that though the above- 
mentioned 7 key characters hold true generally for most species of the genus, 
character E does not seem to be applicable to Sinapis alba. 

Bailey recognized the following characters as important in the separation 
of species: glaucescence of plant, size and color of flower, habit of sepals 
(erect or spreading), distribution of flowers oil the inflorescence at anthesis, 
shape and length of beak, and shape of leaves. Many of his subdivisions 
appear to be based on leaf characters. 

Pearson (1928) was the first author to suggest classifying Brassica on the 
basis of the chromosome numbers. He recognized four classes in the genus, 
based upon determinations of chromosome numbers; owing to Karpechenko’s 
wrong determination of the chromosome number of B. napus, Pearson made 
no satisfactory grouping of the genus. 

Nagai and Sasaoga (1930), Karpechenko (1930), and Morinaga and 
Fukushima (1930) made exhaustive determinations of the chromosome num¬ 
bers. Their results show that there are 7 groups of numbers in the genus, 
which may be listed as follows: 


Chromosome number 
12 
8 
9 

10 


17 

18 
19 


Species examined 
B. nib a Rabh. (Sin apt* alba L.) 

B. nigra Koch (Sinapis nigra L.) 
B.arvrnxis Rabh. ( Sinapis arvmsis) 
B.oleracca DO. (nil known varieties) 

B. campcslris L. (all known varieties) 
B. chinensis L. (many varieties) 

B. pf kinensis Rupv. (many varieties) 

B. narinom Bailey 
B. nipposinica Bailey 
B.rapa L. (many \ arieties) 

B. carinata Braun 

B. juncea Cobh. (many varieties) 

B. nap us L, (many varieties) 


The above results throw some light on the grouping of the species, but 
relations between species with different numbers of chromosomes remain 
obscure. 

Morinaga in his long series of eytological investigations (1929a,b,c, 1931, 
1933, 1934) of the interspecific hybrids of Brassica showed that three funda¬ 
mental chromosome sets were prese it. Species having haploid numbers of 
8, 9, and 10 were considered as elementary species; others were considered 
as amphidiploid species. Each amphidiploid was said to be derived from the 
combination of two elementary species. As a result of Morinaga’s work, the 
cultivated species of Brassica may be classified in the 6 groups shown in 
table 1. 

In addition to Morinaga’s results, U (1935) obtained even more decisive 
data, which confirm much of Morinaga’s views. From the cross B. campcs- 



1940] 


RUN: BRARSIUA 


247 


Iris x B . olerucea , four Fa plants were obtained : COFr-1, intermediate, 
closely resembling napus in appearance, rather sterile, having 19 somatic 
chromosomes and producing ( 0—8 ) 1 ±: (19-3) 11 at meiosis; COFi-2, more 
fertile, with 28 chromosomes, producing (0-5) m ± (9~4) n ± (10-5) 11 ; 
COFi-3, also more fertile, with 29 chromosomes, producing 10 n dz 9 1 ; and 
COFi-4, almost fully fertile, with 38 chromosomes, producing 19 11 at meiosis. 
COFx-4 was considered to be an experimentally produced B. napus, being 
an amphidiploid with reduplicated chromosome sets of B. campestris and 
B. edcracca (aacc); while COFj-2 and COFj-2 were triploids with redupli¬ 
cated sets of B . oleracea and B. campestris respectively (ace and aae), tri- 
valent formation in COF^-2 being due to a slight affinity between B. oleracea 


(c) and B . campestris (a). The results of the crosses B. napus xB. oleracea 
and B. napus x B. campestris support these conclusions, meiosis in the Fi of 



TABLE 1 

. Genomic constitution 


Genomic 


rou]i 

w consti¬ 

Specie# 


tution 

1 

10 a a 

B. campestris L. 

T) _*1 


/>*. rapa L. 

H. chi Hen sis L. 

B. pf kitten sis Rupr. 


11 

8 

Id* 

B, nigra Koch 

I IT 

9 

i'r 

/>. oh racra L. 

B. al bo glabra Bailey 

IV 

18 

a a bO 

B. juncea Goss. 

B. errnua Ilcmsl. 

V 

19 

aacc 

B. napus L. 

B. napefla (’haix 

VI 

17 

bhcc 

B. carinata Braun 


’ cultivated Brasmca. 

Remarks 

elementary species I 

elementary species IT 
elementary species III 

amphidiploid species from I and II 

amphidiploid specie# from I and III 

amphidiploid species from II ami III 


the former resembling that in FOFi-2 and in the latter COF r -3, as is to be 
expected, if the genom of B. napus is what has been indicated. The F/s of 
the cross B . carinata x B . oleracea , according to IT, were very sterile, closely 
resembled the female parent, had 26 chromosomes, gave 9 H * 8 1 at meiosis; 
except CaOF,—2, which was completely sterile, had 35 chromosomes, and pro¬ 
duced (9-5) 1,1 f (0~4) ll 4 (8-12) 1 , having a reduplicated oleracea set. The 
F/sfrom B. carinafa x B. nigra again resembled B. carinata and were highly 
sterile; they produced 8 H ^ 9*. These results suggest that the genom of B. 
carinata is a combination of those of B. nigra (b) and B. oleracea (e), a con¬ 
clusion which is partly confirmed by the observation of (0-6) 111 4- (9-3) n + 
(J8—32) 1 in the single, fairly fertile Fi produced from the cross B . napus x B. 
carinata . From the cross B. junceaxB. carinata , intermediate, partially 
fertile Fi plants with 35 chromosomes were obtained, showing at meiosis 
(8-16) n 4- (19-3) 1 . This, in conjunction with Morinaga’s results, shows that 
the genom of B. juncea is aabb. 
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In general, Morinaga’s and ITs genomic hypothesis of Brassica seems 
well established. But the more interesting problem is the taxonomic relation 
of Sinapis alba to Brassica . 

Sun (1942) following Bailey's system, with his own observations, has 
formulated a key to the species and varieties of Brassica , in which he treats 
the early maturing Chinese rape, “siao-yu-tsai,” as a variety of B. chinensis 
L, and the late maturing Chinese rape, “da-yu-tsai,” as a variety of B. 
Juneea Coss.; two other varieties, B. juncea var. linearifolia and B. juncea 
var. orthocar pa were added. B. pekinensis Rupr. is treated as a variety of 
B. chinensis. 

Tsen and Lee (1942) in a preliminary study of Chinese cultivated Bras- 
sieas, described 12 varieties under B. juncca, 4 under B. chinensis , and 3 
under B. pekinensis. Some of these are probably synonymous, comparable 
with Sun’s (1942) suggested names. Tsen and Lee indicate that Sinapis and 
Brassica should be combined. 

Sun (1943a), in a study of hybrid vigor in Brassica , found none in the 
Fi of B. pekinensis (Meitan variety) < />. chinensis var. pandit rat a Sun 
(Meitan siao-yu-tsai), which indicates little genetic difference between these 
two varieties. From an inspection of their morphological characters, it can 
be seen that gross difference between them is confined to the foliar organs. 
In foliage color, siao-yu-tsai is light green and B. pekinensis yellow or yel¬ 
lowish-green; both have winged petioles except that in siao-yu-tsai the lower 
part of the wing may be occasionally lobed or wanting. Radical leaves of 
B. pekinensis are orbicular or obovate in outline, with broad, fiat, and white 
pe^oles; those of siao-yu-tsai are pandurate to obovate, with thin petioles. 
From these observations and the results of crossing, Sun suggests that B. 
pekinensis be treated as a variety under B. chinensis. 

MATERIALS AND METHODS 

When the College of Agriculture of the National University of Chekiang 
moved to Meitan in 1940, a number of varieties of “vu-tsai” aud brassica- 
ceous vegetable crops were introduced from various parts of South China for 
breeding. Morphological characters of these introductions and of local col¬ 
lections were examined; crosses were then made between different varieties 
and species in the spring of 1941. The available materials mostly belonged 
to the 10- and 18-chromosome species; a few to the 9-chromosome group; and 
only one, rutabaga, to the 19-chromosome group. Later, Professor Jin Zon 
Yu introduced the Japanese B. napella Chaix to Meitan, and the 8-, 12-, 17-, 
and other 19-ehromosome species were furnished by Dr. H. W. Howard of 
Cambridge, England, in the latter part of 1942. 

All materials were planted in the nursery garden in small plots, and 
their morphological characters recorded from seedlings to maturity. For 
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quantitative or size characters small random samples were taken from each 
plot and the important characters were measured and compared by analysis 
of variance. 

The characters are as follows: 

1. Hairiness of plant. 

2. Size of pollen grains. 

3. Stem characters. 

4. Root characters. 

5. Shape of leaves. 

6. Glancescence and color of plant. 

7. Branching habit. 

8. Type of inflorescence at anthesis. 

9. Type of sepals at anthesis. 

10. Size and shape of petals. 

11. Color of petals. 

12. Length and shape of silique. 

13. Length and shape of beak. 

14. Angle between pedicels and raehis. 

15. Number of seeds per silique. 

16. Color and size of seeds. 

Among the available materials, two may be considered as mutants. One 
is “tson-tsai,” named by Sun (1942) B. juncca var. Uncarifolia. (In Tsen 
and Lee's paper, urophylla may be a synonym of this.) A description of this 
variety and its taxonomic and cytologic relationships with other varieties 
may be found in Sun and Sze s paper (1943c). 

The other mutant is white-flowered “ piao-er-tsai,” which may suggest a 
similarity to Tsen and Lee s B. chincnm var. rosularis, but differs in some 
points. The plant is annual, dwarf, the height 2-3 feet at anthesis, the leaves 
dark green, nearly black, glabrous, shining or glossy, not winged, with white 
or greenish-white, thick and broad petioles, the leaf-blade orbicular, entire, 
more or less wrinkled, with one or two small ear-like lobes on the petiole just 
below the blade (fig. 8). The radical leaves are generally spreading on the 
ground. The stem-leaves are sessile, entire, usually triangular, cordate-ex- 
panded and clasping. Inflorescences are short at anthesis, approximately 
18-25 mm., with flowers clustered at the tip. The petals are white, though 
at the point of inflection of the claw’ a very light yellow color is evident; the 
petal is 10-12 mm. long, 7-9 mm. wide; the sepals are separate and the pedi¬ 
cels spreading; the silique is short, 18-24 mm. long, the mean 20.2 mm.; the 
beak is 4-6 mm. long. The seeds are small and reddish-browm. Natural fer¬ 
tility is low. Crosses w-ere made between white-flowered piao-er-tsai and other 
varieties of B. chin cvsis in order to study some of its mutant characters. 
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Besides these new types, individuals were found in both the chinensis and 
juncea groups with white (very light yellow) petals. These were selfed and 
crossed with normal yellow-petaled plants to study their genetic origin. 

OBSERVATION OF CHARACTERS 

A source of much confusion in earlier work has been the occurrence in 
Brassica of simply inherited characters with large individual effects. By 
virtue of a difference in one or two such characters, plants have been confi¬ 
dently classified in different species. A genetic study of the genus, however, 
immediately reveals the deceptive nature of such differences and leads to 
the discovery of specific distinctions based on differences in the hereditary 
make-up as a whole rather than on differences in particular characters. In 
devising a satisfactory classification it is necessary to use only such charac¬ 
ters as are indicative of fundamental differences in genetic constitution; the 
value of the more important characters for this purpose will now be dis¬ 
cussed. 

It has been pointed out that six chromosome numbers occur iu the genus. 
Such differences are well known as a basis of classification, e.g., in Triticum , 
Arena, Hordeum , Gossypium, Nicoliana , and Datura. 

1. Size of Pollen Grains. As a result of experiments in the last two 
years, the writer (1943a) has reported that Brassica may be divided into two 
groups according to size of pollen. The large-pollen group includes species 
with n = 18 and n = 19; its mean pollen length ranges from 41 to 47 p and the 
mean product of length x width from 1179 to 1541 p 2 . The small-pollen group 
includes species with n =* 9 and r? ~ 10; its mean pollen length ranges from 
33 to 40 p and the mean product of length x width from 735 to 1080 p\ Judg¬ 
ing from the general appearance of species within each group, the writer has 
pointed out that the 9-chromosome are quite different from the 10-chromo¬ 
some species, and the 18-chromosome very different from the 19-chromosome 
species. Actually the lfi-chrolnosome are rather closely related to the 9-chro- 
mosome species, and the 18-chromosome to the 10-chromosome. The pollen 
size, therefore, cannot be regarded as a principal taxonomic character and 
should be considered only as of secondary importance. 

In the spring of 1943, examination of pollen size of the newly introduced 
species was undertaken by Mr. S. S. Koo (Instructor in Agronomy in this 
University). Species examined included B. nigra, B. campestris , B. carinata, 
B . napus, and Sinapis alba of Dr. Howard ; B. napella of Professor Yu; and 
the local material B. chinensis var. pandurata and B. juncea var. orthocarpa. 
Twenty measurements were made for each species. The mean pollen length 
and width are shown in table 2. The differences necessary for significance 
were determined by analysis of variance. 

It is evident that significant differences in size of pollen grains exist 
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among the species examined. According to the writer's previous observations 
(1943b) and the results shown in table 2, one can conclude that Sin apis 
alba , B. juncea var. orthocarpa , B. napclla, and B. napus , should be classi¬ 
fied as large-pollen species, and B. nigra , B. campestris, B. carinata, and B. 
chincnsis var. panduraia included in the small-pollen group. The pollen 
length of B . campestris is significantly less than that of any other observed 
species; there are no significant differences among B. nigra , B. chinensis var. 
panduraia , and B . carinata. The pollen of Sinapis alba is significantly longer 
than that of other observed species; there are no significant differences 
among B. juncea var. orthocarpa, B. napus , and B. napclla. It should be 
remembered that Sinapis alba has n - 12, and B. carinata n = 17. If the pollen 
size is closely related to the haploid chromosome number, then in this case 

TABLE 2. Mean length, nuan width, and the product of length x width of pollen 
grains in different species of Brassiva. 


Species 

Length (pi) 

Width (p.) 

Length x width (\.c) 

Sinapis alba 

44.2 

29.5 

1304.3 

B. nigra 

35.0 

26.1 

914.1 

B. campestris 

32.4 

23.8 

772.7 

B . chinensis var. panduraia 

315.0 

24.7 

888.3 

B. carinata 

37.0 

27.8 

1030.9 

B. juncea var. orthocarpa 

39.5 

29.8 

1179.8 

B . napclla 

40.0 

28.9 

1157.3 

B . napus ■ 

41.2 

29.1 

1200.4 

Least significant, differences at 
5% point 

1.4 

1.0 



the relation is disproved. But if, on the other hand, we exclude Sinapis alba 
and consider the pollen of B. carinata as intermediate, the relation will prove 
to bo real. Generally speaking, Sinapis alba has a lower chromosome number 
but larger pollen size than other species of Brassica . One might expect that it 
would prove to be of very different genetic origin and to have remarkable 
morphological characters. 

2. Hairiness of Plant. This very distinct character was used by Eugler 
and Gilg in the division of Ouciferae into two groups. According to all 
available material, the 9-, 19-, and 17-chromosome species are essentially gla¬ 
brous ; the 8-, 10-, and 18-chromosome species are more or less sparsely setose- 
hairy on young leaves and stems; on the ribs and veins of mature leaves much 
depends upon the variety examined. Moreover, the siliques of all species are 
glabrous, except that that of Sinapis alba has long setose hairs on the whole 
body of the fruit. This should be considered one of the significant differences 
between Sinapis alba and all species of Brassica proper (fig. 1). 

3. Stem Characters. The writer has observed that the stems of all avail¬ 
able species of Brassica are practically eylindrie, having a very smooth sur- 
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face; but that of 8inapis alba is very rough, and lias vertical furrows or 
ridges evenly distributed through its whole length (fig. 2). Since this charac¬ 
ter has not been found in other species, it may be considered as characteristic 
of Sinapis alba. 

The stem Of kohlrabi is thickened and bulb-like (fig. 3). In other charac¬ 
ters it is rather closely related to B. oleratea. Kohlrabi should be placed in 
the 9-chromosome group and considered as a variety of this species, as Engler 
and Gilg did. As to the inheritance of the “bulb,” the F x of the cross cab¬ 
bage x kohlrabi is intermediate between the two parental races. In F 2 both 
forms reappear, but the majority of plants form a continuous series from 



Fig. 2. Stem and leaves of Sinapis alba . Fig. 3. Thickened bulh-like stem of B. 
oleracea var. gongylodrs. 


one extreme to the other (Malinowski 1929, Pease 1926, 1927). Pease sug¬ 
gested three multiple genes, two of which, B1 and B2, are major while the 
third, B3, is minor or modifying. The triple recessive represents the ordinary 
stem of cabbage or kale. When both major genes are homozygous a kohlrabi 
bulb is formed. In a plant containing the two major genes it is not possible 
to deteet b\ eye the presence of the minor gene. In the absence of the major 
genes, the minor converts “stalk” into “semi-bulb.” On this hypothesis the 
ratio of the three classes, bulb: semi-bulb: stalk, should be 4:59:1; the 
actual figures obtained by Pease agree with this expectation. 

The stem of B . juncea var. Utmida is characterized by its enlarged rudi- 


Explanation of figure X 

Siliques of various species of Brassica and of Sinapis alba . a, B. oleracea var. 
acephala; b, B. campestris var. oleifera; c, B. chi new sis var. pandurata; d, B. juncea var. 
gracilis; e, B. carinata; f, B. napus var. oleifera; g, B. nigra; 3i, Sinapis alba. 
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mentary petioles and the shortened internodes of the lower part of the stem, 
a character which has not been found in other species (fig. 4). Because the 
plant differs in no other major character from varieties of B. juncea, it 
should be regarded as a variety of this species. 

B . juncea var. linearifolia is characterized by a weak stem which is easily 
lodged under heavily manured or stormy conditions. In cross section the 
stem is rather irregular, not circular; it probably contains little lignified 
tissue. The writer has unpublished data to show that this weakness may be 



Fig. 4. Swollen and enlarged rudimentary petioles and nodes of B. juncea var. t sat sat. 
Fig. 15. Siliques of some speeies of Brassica. I, B . juncea var. orthocarpa; II, B. juncea 
var. gracilis; III, B. chincnsis var. pamhirata ; IV, B. enmpestris var. rapifvra ^snowball) ; 
V, B. cmipcstris var. rapifera (extra early purple top); VT, B. chincnsis var. albiflora . 


controlled by a single recessive gene. Other characters of the plant, except 
leaf-shape, are as in other varieties of B. juncea . 

4. Root Characters. In certain species of Brassica , some roots are en¬ 
larged while others are not. Type of root has long been recognized as an im¬ 
portant taxonomic character. Enlargement is only found in the 10-, 18-, 
and 19-chromosome specie's. This fact might lead one to postulate that the 
character has a single genetic origin. B . rapa may be considered as the origi¬ 
nal species of Brassica with enlarged storage root and rutabaga as derived 
from the combination of B. ole-race a x B. rapa through chromosome doubling. 
Similarly, storage-rooted mustard ( B . juncea var. megarrhiza) may be de¬ 
rived from the combination of B. nigra x B. rapa. However, the hypothesis 
is not supported by actual data. Kajanus’ (1917) genetic studies and Mori- 
naga’s cytologic investigations should be considered as good examples for 
further study. 

Color variation of the root of the tuberous-rooted species and varieties is 
very wide. The main coloring of the interior parts (the “flesh color”), both 
of turnip (B. rapa) and swede or rutabaga ( B . napus var. napobrassica) , is 




39401 


SUN: BRASSIOA 


255 


either white or yellow. The yellow color is not due to a pigment in solution, 
but is borne in plastids. When yellow- and white-rooted plants are crossed, 
irrespective of which is the mother plant, the F, hybrids are all white-fleshed. 
If these are selfed the F 2 generation segregates 3 white to 1 yellow. The color 
inheritance in swedes is slightly more complex, the genes being duplicated. 
Hallqvist (1915), Kajanus (1913), and Davey (1931), working indepen¬ 
dently, have found certain white-fleshed varieties to contain both genes 
breeding true for the white color. When a white-fleshed plant of this nature 
is crossed with a yellow’-fleshed swede, the F, is all white-fleshed. If these F x 
plants are selfed, the F 2 generation segregates 15 wiiite to 1 yellow. In sw f ede 
x turnip crosses, Kajanus found (1917) that the gene for white in turnip 
masks the yellow of the swede, while the white swede genes are dominant 
over the yellow' of tin* turnip. In other words, the hereditary factors govern¬ 
ing flesh color in both species are very similar, though more complex in the 
swede. 

Swede strains are commonly grouped according to skin color as “purple 
top," “bronze to]), 7 ' and “green top/ 7 Kajanus (1912) suggested two genes 
governing them: I\ giving red-green and dominant to green, and P 2 giving 
red and dominant to both red-green and green. Later (1913), however, he 
discarded }\ because of the irregularity with which color appeared, and con¬ 
sidered ml-green and green to be fluctuating characters. Davey (1932), 
after re-examining the anthocyanin color inheritance in swedes, redefined 
Kajanus factor I\ as A\, which produced self-red or self-purple on the sur¬ 
faces between leaf-scars of the “neck, 77 and, with less certainty, strong 
vinous mauve on the “top/ 7 Another gene, A/, was found, similar in action 
to but not identical with AT,. Complete absence of linkage was found between 
factors S x and A 2 , and between these and the genes Af t and M , which govern 
flesh color. Kajanus has shown tiiat the genes governing flesh color in turnip 
and swede are probably the same. These facts and the frequent occurrence 
of duplicate factors in swedes may be considered as genetic evidence in favor 
of Morinaga’s cytologieal viewpoint. 

As to the shape of storage organs, Kajanus (1913) assumes that two 
multiple factors L x and h 2 an* responsible for the length of the turnip 
“roots/ 7 The root-shapes produced by the different combinations of these 
genes are as follows: 


Combination of genes 


Number of genes 


V*. 

- l.,i 2 


ft 

Vi 


L., L„ 

M ~ 
*^2™2 
L 2 1 2 
V, 

h X 

Uo 


4 

3 

3 

2 

o 

o 

1 

1 

0 


Shape of root 
long 

rather long 
rather long 
elongated 
elongated 
elongated 
rather short 
rather short 
short 
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Fig. 5. Leaf-shapes of different varieties of JS. juncea. a, var. gracilis; b, var. oh - 
lanceolata; q, var. megarrhiza; d, var. tsatsai; e, var. rugom; f, var. multisccta ; g, var. 
UnearifoluL 


5. Shape of Foliar Organs. The leaf shape of Brassica is quite variable 
even within a single species. For example, B. juncea var. gracilis has long- 
petioled radical leaves, the blades obovate to oblong-ovate, with small lobes 
gradually diminished toward the base; B. juncea var. oblanceolata has ob- 
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lanceolate radical leaves and weak grooved petioles, the blades irregularly 
incised, sharply serrate toward the base and not lobed; B. juncea var. rugosa 
has large and quick-growing radical leaves 30 cm. or sometimes 60-90 cm. 
long, obovate or oval, and stout and broad petioles, the blades extending to 
their base; B . juncea var. crispifolia has large crisped, curled, and fringed 
leaves; B. juncea var. muUisecta has leaves multifid into linear or even fili¬ 
form lobes; B. juncea var. linearifolia has all leaves linear, stem-leaves blade¬ 
less, and radical leaves with blades very narrow above but irregularly 
notched below. The writer has unpublished data to show that certain leaf- 
forms of B. juncea are inherited as simple Mendelian characters. It would 
be unwise to use these leaf-forms as the basis for the distinction of species. 
(See figure 5.) 

In the 30-chromosome species also diverse leaf-forms are found. For 
example, B . chinensis var. communis has glabrous, rounded, undivided, 
entire radical leaves, tapering into long but unwinged, whitened petioles, 
and auriculate-clasping stem-leaves; B. chinensis var. ?'osularis has the radi¬ 
cal leaf-blades broad-ovate or suborbicular, entire, distinctly marked with 
a number of veins, with thickened, broad, and greenish-white petioles, these 
scarcely bearing leaf-fragments; B. chinensis var. panduraia has the radical 
leaves pandurate or fiddle-shaped to oblong-obovate. tapering to narrow 
slender petioles which are margined and usually bear leaf-fragments or ear¬ 
like lobes below, unable to support the blades in an erect position ; leaf-blades 
and midribs are more or less sparsely covered with setose hairs; B. chinensis 
var. pekinensis has radical leaves with characteristic broad-winged petioles, 
and its heart-leaves arc crinkled, tending to form a head under suitable en¬ 
vironmental conditions; there arc a few setose hairs on the ribs beneath; 
B. chinensis var. angusiifolia has stem-leaves non-clasping, long and narrow, 
petiolale or with a narrow base; its radical leaves are long and narrow, some¬ 
times curly. (See figure 6.) 

Radical leaves of B. rapa and B. campestris are long-obovate to oblong- 
ovate, lyrate-pinnatifid, petiolate, densely covered above and below with 
setose hairs (fig. 7). 

Leaf-forms of different varieties of B. oleracea are also variable. They are 
all practically glabrous. Radical leaves of vars. acephala and gongyloides are 
relativeh small, oblong-ovate, petiolate, with leaf-fragments on the lower 
part; radical leaves of var. capitaia are sessile, large, mostly thick, broad- 
orbicular. 

The investigation of the genetics of leaf characters of the races of B. 
oleracea as well as other races has proved difficult. Not only are these charac¬ 
ters elusive of exact definition but also the type of leaf changes with age of 
the plant. Pease (1926) gives much evidence for the existence of two genes: 
P, which causes the leaf to be petiolate, and E , which causes it to be entire as 
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against lyrate. He suggests for cabbage the formula ppEE, and for kale and 
kohlrabi PPee . Brussels sprouts contain PPEE . The rare type of foliage 
“sessile lyrate” is presumably ppee. 

The leaves of kohlrabi are narrower than those of cabbage. Pease reports 
for crosses of these two that when the F\> plants with leaves about as narrow 
as the parent kohlrabi are picked out, they are found to form a quarter of 
the total number. He concludes on the basis of F 2 and data that one prin¬ 
cipal gene, W, is involved in this character difference. 

Pease investigated a monstrosity of the leaf in w T hieh outgrowths devel¬ 
oped from the ribs, running at right angles to the surface of the leaf. This 
anomalous growth is usually of a leafy nature, but may become stalky and 
even bear flowers and set seeds. This character, called * ‘asparagodes, ’ ’ be¬ 
haves as a simple dominant. 

Another leaf character is worth noting, the curly foliage of curly kale, 
which seems to be determined by several multiple factors (Malinowski 1929, 
Pease 1926). The leaves of kale are well curled, those of cabbage flat or at 
most a little wavy. Hybrids are intermediate. F.. segregation yields a con¬ 
tinuous though asymmetric variation between the parental types. 

In ordinary cabbage, the leaves of the terminal shoot are closely folded, 
forming the familiar dense head or heart. In Brussels sprouts, the same sort 
of deformity occurs, not in the terminal shoot but in the laterals. The two 
forms of hearting are determined by independent Mendelian factors and in 
the commonly cultivated types both forms do not appear on the same plant. 
The Fi from cabbage x kale, x kohlrabi, or x any non-hearting B. oleracea 
other than Brussels sprouts is a plant with slight indications of hearting. 
The leaves of the rosette are curved inwards, but do not form a closed head, 
lu the F., both parental forms appear, but the majority of the plants form 
a continuous range from one extreme to the other (Malinowski 1929, Kristof- 
ferson 1924. Pease 1926). Malinowski suggested multiple genes responsible 
for the hearts, determining the difference in degree of folding of leaves. His 
experiments indicate a possibility of 3 multiple genes. Pease gave evidence 
for a 2-gene system. 

Kristofferson, who has made crosses between cabbage and Brussels 
sprouts, is inclined to believe that the cause of the development of heads in 
the leaf axils is not of a simple monohybrid type. The F, resembles Brussels 
sprouts, having well developed “ buttons’’ in the leaf axils. At the top of the 
stem a large, rather compact head is formed. The development of buttons in 
the axils varies continuously in the F.,. In some plants these buttons are as 

Explanation of figures 6 and 7 

Fin. 0. Loaf-shapes of different varieties of B, chinrnsis. ji, var. rosnloris; b, var. 
albiflora; c, var. pandurata; d, var. pelcinrnsis; e, var. angustifolia. Fig. 7. Leaf-shapes 
of (a) B. cam pc stria var. oleifcra; and (b) B. campestris var. raptfera. 



260 


BULLETIN OF THE TORREY CLUB 


LVol. 73 


well developed as in Brussels sprouts; in others they have the ordinary loose 
structure of kale. 

Stem-leaves of 2?. napus are oblong-lanceolate, sometimes toothed and 
notched; the radical leaves are oblong-ovate (fig. 9). 



Fig. 8. Leaf-shapes of B. oleracea var. gonglyodes. Fig. 9. Leaf-shape of B . napus . 
Fig. 10. Leaf-shape of B. carinota. Fig. 11. Leaf-shape of B . nigra. 


The basal leaves of B. carinata are shining, with large oval lobes 3-5 
inches long, shallowly sinuate-dentate, with small lobes at the base and some¬ 
times fragments on the long petiole; these leaves pass gradually into narrow 
upper cauline petiolate or narrow-based variously dentate floral leaves or 
bracts (fig. 10). 
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Fig. 12. Typos of inflorescence of different species of Brassica and of Sinapis alba. 
a, B. carimla; b, B. oleracca var. acephala; e, B. nigra; d, B. juncea var. gracilis; e, B. 
campeatris var. oleifera; f, B. iiapus var. ole if era; g, Sin apis alba. 
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Leaves of B. nigra are densely covered with hispid hairs, the radical not 
greatly developed, pinnatifid or lobed, the terminal lobe very large, the mar¬ 
gins dentate or notched, long-petiolate as are the stem-leaves (fig. 11). 

The leaves of Simpis alba. are oval, ovate, or obovate, divided deeply— 
even to the midrib—into 1-3 pairs of notched or angled lobes; the stem- 
leaves are long-petiolate, sparsely covered with setose hairs. 

6. Glaucescence and Color of Plant. Bailey divided all species of Bras - 
sica into two main groups based upon glaucescence. All 9-chromosome and 
19-chromosome species are glaucous-blue or blue-green, sometimes glaucous- 
red in horticultural varieties. It has been noted in the 10-chromosome species 
that glaucescence is found in B. campestris and B. chinensis var. rosularis, 
the others being essentially not glaucous. In Bailey's key to the species, B. 
napiformis was placed in the 9- and 19-chromosome section because of its 
glaucescence. However, by examination of other important characters such 
as those of flower and fruit, it should undoubtedly be placed in the 18-chro¬ 
mosome group. 

According to the writer's observation, B . carinata is practically not 
glaucous but rather prominently glossy or shining. 

As to the anthocyanin pigmentation of the foliage, red and purple have 
often been found in different species and varieties. P"or example, B. chinensis 
var. purpurea may be considered as the typical purple variety in the 10-chro¬ 
mosome group. The purple pigment is distributed practically throughout the 
whole plant except the petals. Purple mustard also has been found in Tsun- 
Yee, Kweichow, China; it belongs to B. juncea . The distribution of purple 
pigment can be identified as of three types. In the first the pigment is con¬ 
fined to the leaf-blade, while the stem and petiole or midrib are essentially 
green; in the second type purple is distributed practically throughout the 
plant except the petals; in the third purple is confined to the leat-venation, 
and is not easy to detect without close observation. The mode of inheritance 
of color remains obscure. Genic analysis of the anthocyanin pigment forma¬ 
tion of both 10- and 18-chromosome species has just been undertaken by the 
writer and Mr. C. S. Chn in the College of Agriculture of the National Uni¬ 
versity of Chekiang. 

Color variation in the foliage of 9-chromosome species is also wide. Re-* 
suits of genetic studies on color inheritance of the cabbage races are sum¬ 
marized in the following paragraphs. 

Kristofferson (1924) reported extensive investigations on light red color 
of the midvein in cabbage and in Brussels sprouts. Crosses were made with 
broccoli, which was green in these parts. In the Fi the midvein was light red; 
in F 2 the ratio was 3 light red: 1 green midvein. He designated the gene for 
light red as B; broccoli has h. A cross between light-red-midveined cabbage 
and a similar type in Brussels sprouts produced only light red in P\ and F 2 , 
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showing that the two factors were the same. This light red type was later 
referred to by Kwan (1934) as “sun-red.” When kale, which has a green 
midvein, was crossed with this light red type, the F, had a dark red-violet 
midvein. The F 2 plants segregated into dark red-violet, light red, and green 
in a ratio approximating 9:3:4. This would indicate complementary genes. 
He assumed a factor A in kale which interacted with a factor C in cabbage 
or Brussels sprouts to produce this dark red-violet vein color; kale is Ac and 
cabbage or Brussels sprouts is aC. In F 2 there was a deficiency of the light 
red type carrying B , and a proportional excess of the green b type. This devi¬ 
ation, he suggested, might be due to linkage of B with either A or C. Since 
the crosses of broccoli with cabbage and with Brussels sprouts did not give 
dark red-violet midveins, broccoli must be a. 

In further studies, Kristofferson (1924) found complete dominance of 
dark red leaf in the cross of green-leaved light-red-midveined cabbage with 
a dark-red-leaved type. In the F 2 there were approximately 3 dark-red¬ 
leaved plants to 1 green. This W’as also true in crosses of dark-red-leaved 
cabbage by kale, by Brussels sprouts, and by broccoli. He suggested the gene 
D for the dark coloration of red cabbage. But in the cross of kale with green¬ 
leaved light-red-veined cabbage or with Brussels sprouts, the leaf-color of the 
Ft was dark red-violet. The F., ratio could not be explained by a simple 
hypothesis, since the variation was continuous. In the cross between red 
cabbage and tall kale, the F 2 ratio of intermediate and green to dark red was 
approximately 3:1. In the light red cabbage, he assumed that there w T as a 
gene E for extension of dark color when A and C were both present. From 
these results he formulated the most probable genetic constitution of the 
various types as follows: 

Cabbage dd aa BB CC EE 

Red cabbage 1)D A A bb ce ee 

Brussels sprouts dd aa BB CC EE 

Kale dd AA bb ee ce 

Broccoli dd aa bb CC EE 

Pease (1927) assumed that in the purple kohlrabi two genes for pigment 
were present. Ilis hypothesis is supported by the eross of purple kohlrabi 
x green savoy cabbage. Purple Fj plants were obtained, giving a ratio of 9: 7 
in F 2 . In crosses of purple F t plants with green cabbage the green behaves 
as a simple recessive to purple. Green cabbage, therefore, probably contains 
one of the complementary color genes present in purple kohlrabi. 

About 1926, Dr. C. H. Myers of Cornell University found among the 
progeny of a selfed plant of the variety “Danish round red” a new’ color 
type which he named “magenta.” Magrudev (1930) obtained purple plants 
in the F l of a eross between sun-red and magenta. The F 2 contained 9 pur¬ 
ple: 3 magenta: 3 sun-red: 1 green. The assumption of tw f o genes explains 
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these results. The gene M is designated as responsible for the production of 
magenta and 8 for the production of sun-red. The purple type is MB, the 
green ms. 

Kwan (1934) stated that a cross of deep purple x sun-red cabbage gave 
an F 2 ratio of 15 purple: 1 sun-red. The F 3 and intercross tests show that the 
assumption of two duplicate genes, R x and R,, for purple will explain the 
results. The genes are shown to be cumulative in effect. From the cross deep 
purple x green a ratio of 9 purple: 3 sun-red: 4 green resulted. The F a fits 
the assumption that two genes are involved: 0, a basic factor for pigment, 
which with A gives purple and with h gives sun-red. 

7. Branching Habit. It has been noted by Bailey that B. rapa does not 
branch near the base, whereas B. juncea and B. chinensis do. According to 
the writer’s observation, the variation in branching habit is very wide. B. 
nigra may be noted as an extremely high-branched species. The lowest 
branches of the main stem are not necessarily all low in B . juncea and B . 
chinensis. B. juncea var. ohlanccolata, however, is an extremely low-branched 
variety of that species. It develops as many as 7-10 branches within 10 cm. 
of the ground. Certain other forms, such as B. juncea vars. gracilis and 
orthocarpa, practically never send out branches up to 90 cm. above the 
ground. Some varieties of B. chinensis branch very low and some rather 
high; but the highest-branching varieties never reach the height of some 
varieties of B. juncea. 

B. oleracea, B. napus , and B. carinata , as far as the available material 
shows, all branch low. 

In 1941, random samples of 50 plants in each of B . chinensis var. pandu- 
rata and B. juncea vars. gracilis and orthocarpa were measured for their 
plant height and the height of the lowest branching node. The results are 
shown in table 3, Significant differences exist among varieties in both plant 
height and height of the lowest branch. 

TABLE 3. Mean plant height and the lowest branching height in .7 varieties of yu-tsai 
{Chinese rape). 


Variety 

Mean plant height 

Moan branching height 

B. chinensis * r ar. pandurata . 

104.9 

15.9 

B . juncea var. gracilis . 

168.6 

53.4 

B. juncea var. orthocarpa . 

195.4 

96.1 

Significant difference at 5% point ... 

30.8 

9.1 


Though the mode of inheritance of plant height and height of branching 
of different species is still unknown, it is certain that the importance of these 
characters in taxonomic studies should not be overlooked. 
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8. Type of Inflorescence at Anthesis. Bailey recognized this character 
as important in the separation of B. oleracea from other species. He described 
the inflorescence of B. oleracea, as elongate and open at anthesis, 10-25 cm. 
long, while that of B. nap us was short, the flowers clustered at the top and 
the blooming part usually 6 cm. or less in length. According to the writer’s 
observation, this distinction is well marked. In general, the inflorescence of 
all varieties of B. chinensis , B. juncea , and B. napus is rather short at anthe¬ 
sis, the unopened flower-buds eorymbosely clustered at the top, never elon¬ 
gate, and the part bearing opened flowers also short. The inflorescence of 

TABLE 4. Mean length of the blooming part of the inflorescence of £1 varieties of 
Brassiva (V>41). 


Species & variety 


Common name 


Mean length of 
blooming part 


B. oleracea var. cap t tat a 
B. oleracea var. acephala 
B. juncea var. tumida 
B. chinensis var. anguslifoUa 
B. juncea var. rugosa 
B. juncea var. gracilis 
B. chinensis var. pond mat a 
B. chinensis var. an gust i folia 
B. napus var. napohrassiea 
B. chinensis var. communis 
B. eh i n e n sis var. pel: in ensis 
B. chinensis var. pandit rata 
/>. oleracea var. alboglabra 
B. chinensis var. p< kuu nsis 
B. oh racea var. gong id aides 
B. chinensis var. communis 
B . chinensis var. albtflora 
B. chinensis \ar. communis 
B. juncfd var. oblanceolata 
B. juncea var. megarrhiza 
B. chinensis var. communis 

Significant difference at 5% point 


Common cabbage 11.9 

Yellow-flowered kale 8.5 

Ling-chiao-tsai 7.0 

Kweilin hwa-tsai (1) 6.7 

Nanfeng chich-tsai 6.2 

Meitan da vu-tsai 5.9 

Meitan sia<>vu-tsai 5.6 

Kweilin hwa-tsai (21 4.8 

Rutabaga 4.7 

Ku.sin green-petioled 5.5 

Meitan hvvaug va-tsai (1) 5.5 

Shinn-tan yu-tsai 5.5 

White-flowered kale 5.2 

Meitan hwang-yu-tsai (2) 5.1 

Red kohlrabi 2.7 

Kiangmen po-tsai 2.6 

Pe-hwa-piao-er-tsai 2.2 

]shall pe-tsai 2.0 

Shealiehung ehieh-tsai 1.9 

Pe-pa-yeh du-tou-tsai 1.7 

Kwangsi long-petioled 1.7 


1.15 


B. carinata is extremely elongate, i.e., opened flowers and unopened buds on 
the rachis are very widely separated. Since this is typical of B. oleracea, these 
two should be placed in the same group as far as this character is concerned. 

It should be noted that environmental conditions play a part in fluctu¬ 
ation of this character. Measurements of the length of the blooming part 
made on different days will vary greatly. When the air temperature is high 
and the relative humidity is low, the flowering process tends to be rapid, 
hastening the early fall of the petals; measurements taken under such condi¬ 
tions will be short. But if the air temperature is low and the humidity is 
high, flowering tends to be delayed and the petals persist longer on the 
flower. Measurements made at such times will be longer. 
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In the spring of 194.1, random samples of 10 measurements on each of 21 
specimens were made on successive days. Comparisons of the mean length 
of the blooming part for all varieties are shown in table 4. Analysis of vari¬ 
ance between and within varietal classes for the 210 measurements was calcu¬ 
lated. It is clear that variation in length of the blooming part among varie¬ 
ties and species is highly significant. 

From table 4 it is evident that according to the type of inflorescence, 
Brassica may generally be divided into two groups, as pointed out by Bailey. 
One is the long loose type which includes certain varieties of B. oleracca and 
B. carinata; the other is the short compact type which includes some varie¬ 
ties of B. oleracca and all varieties of B. juncea , B. chinensis , and B. napus. 
Since variation of the two types is essentially continuous, one can hardly 
draw an accurate borderline between the groups. As far as present data are 
concerned, one may consider mean lengths of inflorescence above 8 cm. and 
below 7 cm. as the long loose and short compact types respectively. This is an 
arbitrary standard and may need modification. 

9. Type of Sepals at Anthesis. Bailey recognized this character as im¬ 
portant in the classification of species. In bis key to the species, he distin¬ 
guished two groups: under A arc species whose sepals are mostly firmly erect 
and not spreading, such as B. oleracca, B. vupus, and B. napiformis; under 
AA are those whose sepals are separate or spreading, such as B. campestris, 
B. rapa , B. juncea , B. pekinensis , B. chinensis , B. nigra , and B. (Sinapis) 
alba. 

According to the writer’s observation, three types of sepals may be found 
ir Brassica. First is the firmly erect type (fig. 13, a) which includes most 
varieties of B. oleracca , such as common cabbage and kohlrabi; second is the 
separate type, with an angle formed between the sepals and the central axis 
of the flower of approximately 30-45°, which includes B. carinata , B. napus , 
B. napobrassica , B. napiformis , B. campestris , and most varieties of B. chi¬ 
nensis ; third is the wide-spreading type, with sepals at anthesis perpendicu¬ 
lar to the central axis (fig. 13, c), which includes B. nigra , Sinapis alba, and 
almost all varieties of B. juncea. Observation of these types must be made 
at a time when the flowers are fully open. 

10. Size and Shape of Petals. Size and shape of petals should he con¬ 
sidered as important taxonomic characters of Brassica. Bailey divided the 
species into two groups by length of petals. One is the long-petal group, the 
petals ranging from 15 to 25 mm. long, which includes all varieties of B. 
oleracca. The other is the short-petal group, the petals being 15 mm. or less 
in length, which includes B. napus and B. napobrassica; but varieties of B. 
chinensis , B. campestris , and B. juncea are said to have petals only from 10 
to 12 ram. long. Data have been obtained by the writer and his coworkers to 
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show variation in length and width of the petals. Ten random measurements 
of the length and width in each of 22 specimens and 20 measurements in 
each of 8 specimens were made in 1941 and 1943 respectively. In 1944, 10 
random measurements in each of 13 specimens were made. Comparisons of 
variety and species means are shown in tables 5, 6, and 7. 



Flo. 13. Types of sepals of some speeies of Brassica and of Sinapis alba, a, B. otcracca 
var. gong gl odes; b, B. nap us var. no po brassica; e, B. juncca vnr. mcgarrhiza; tl, £. jnncca 
var. rugosa. Fio. 14. Shape of petals of species of Brassica and of Sin apis alba, a, B. 
nigra; b, B. juncca var. gracilis; c, B. carinaia; d, B. olcracca var. act phala; e, B. nap us 
var. olcifcra; f, B. chi non sis vnr. pan <fu vatu ; g, B. f cam pest r is var. ale if era; 1», B. cam- 
pcstris var. rapift ra; i, Sinapis alba. 


Evidently great variation in petal size exists among different varieties 
and speeies of Brassica. Bailey’s observation may generally be considered cor¬ 
rect, but his classification into large-flowered and small-flowered groups is 
not entirely satisfactory. Perhaps Brassica may be fairly accurately divided 
into four groups by petal length. First is the small-flower group, with petal- 
length from 7 to 9 mm.; B. nigra and a few varieties of B. rapa are repre¬ 
sentative. Second is the medium-small-flower group, with petal-length ffom 
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TABLE 5. Mean length and width of petals of different varieties and species of 
Brassica (1941). 


Common name 

Length (mm.) 

Width (mm.) 

length 

Width 

Yellow-flowered kale. 

23.9 

11.9 

2.0 

Common cabbage. 

23.6 

10.2 

2.3 

White-flowered kale .. . . 

21.3 



Red kohlrabi . 

20.8 

8.5 

2.4 

Meitan siao-yu-tsai. 

13.2 

9.8 

1.3 

Meitan da-yu-tsai. 

12.5 

6.3 

2.0 

Kiangmen pe-tsai . 

12.4 



Kwangsi long-petioled ... 

12.3 



Kweilin hwa-tsai (1) ... 

12.2 

7.7 

1.6 

Nan feng chieh-tsai . 

11.8 

7.0 

1.7 

Tson-tsai . . 

11.7 

5.0 

2.3 

Da-tou-tsai. . 

11.6 

5.4 

2.1 

Hwaiig-ya-tsai (1) 

11.6 



Shiantan yu-tsai . 

11.6 

6.9 

1.7 

Ishan pe-tsai ... 

11.6 



Kweilin hwa-tsai (2) . . 

11.4 

7.7 

1.5 

Rutabaga 

11.2 

6.6 

1.7 

Ling-chiao-tsni . . 

11.1 

5.8 

3.9 

Pe-liwa piao-er-tsai 

11.1 

8.1 

1.4 

Hwang-ya-tsai (2) 

10.7 

6.9 

1.5 

Kasin green-petioled 

10.2 

5.8 

3.7 

Shealiehung chieh-tsai ... 

9.8 

4.6 

2.1 

Snowball turnip 

9.0 

4.5 

2.0 


Significant difference 1 at 5% point 0.92 0.64 


9 to 13 mm.; this includes all varieties of the 10- and 18-chromosome species. 


Third is the medium-large-flower 

group, with 

petal-length from 13 to 17 

mm.; this includes all varieties of the 17- and 19 

-chromosome species. Fourth 

is the large-flower group, with petal-length from 18 to 25 mm.; 

B. olt raced 

is representative. 




It is evident from tables 5, 6, 

and 7 that significant differences among 

different varieties within each of the four groups may also be 

found. For 

instance, in table 5, the mean pltal-length of the yellow-flowered kale is sta- 

TABLE 6. Mean length and width of petals of different species of Brassica (1943). 

Species 

Length (nun.) 

Width (mm.) 

Length 

Width 

B. nigra (English source) 

7.5 

3.3 

2.3 

8inapis alba (English source) 

11.2 

6.5 

1.7 

B. chineusis var. pandurata . 

15.0 

9.0 

1.4 

B. mmpestris (English source) 

11.1 

6.3 

1.8 

B. car inala (English source) . .. 

16.0 

7.7 

2.1 

B. jmcea var. orthocar pa . 

12.4 

6.4 

3.9 

B. nap as (English source). 

14.9 

8.4 

1.8 

B.napella (Japanese source) . 

15.3 

9.7 

1.6 

Significant difference at 5% point . 

0.46 

0.34 
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tistically greater than that of white-flowered kale or red kohlrabi. Meitan 
siao-yu-tsai may be considered as having the longest and snowball the short¬ 
est petals in the medium-small-flower group, and significant differences may 
be found among these varieties. From table 6 it may be seen that the petals 
of B. chinensis var. pandurata are significantly longer than those of B . cam¬ 
pestris , and those of B. carinata are longer than those of B. nap us or B. 
napdla. In table 7, one finds that the petal-length difference between B. chi - 
ncnsis var. pandnrala and B. caw pesfris is also significant, but that between 
B. carinata and B. napus or B . napdla is not significant. 

There is a fairly close positive correlation between length and width of 
petals except in Meitan siao-yu-tsai and pe-hwa piao-er-tsai, whose petals are 

TABLE 7. Mean length and width of petals of different species of Brassica ( 1U44 ). 


Species 

B. nigra 

B. rapa (extra early purple top) 

SUnapis alba , 

B. cam pesfris 

B. chinensis var. pandnrala 
B. juneea var. gracilis 
B. carinata 
B. napus 
B. napdla 

B. oleracea var. acephala 
( B. ca mpcst r is > />*. ch in c n sis va r. 
pandurata) F, 

( B . napus x B. campestris) p i 
( B. napus > B. campestris) F,-21 

Sigiiifieant difference at 5% point 


Length (nun.) 

Width (mm.) 

Length 

Width 

8.9 

3.6 

2.5 

7.6 

3.2 

2.4 

10.5 

5.8 

1.8 

9.7 

4.8 

2.0 

11.5 

8.2 

1.4 

10.7 

6.0 

1.8 

13.7 

0.8 

2.0 

14.0 

7.0 

1.8 

13.4 

8.7 

1.5 

21.7 

7.8 

2.8 

11.6 

6.9 

1.7 

12.4 

7.7 

1.6 

10.9 

4.4 

2.5 

0.70 

0.49 

0.16 


very wide. In this connection, one may direct attention to the shape of the 
petals. The length-width ratio would be a factor in determining the shape; 
this will lead to the differentiation of the narrow-petaled and broad-petaled 
forms of Brassica. Another factor in petal-shape is the length of the claw. 
The writer has observed that the petals of some species are very long-clawed, 
and those of others very short-elawed (fig. 14). Bailey noted in his key to the 
olcrarea-napus group that their petals are long-tapering to narrow bases, 
while in the campesfrix-juncca group they are said to be less prominently 
tapering. It can be seen from figure 17 that B. chinensis var. pandurata may 
be considered as a typical short-clawed variety and K. rapa (extra early 
purple top) has no elaw at all; others, such as B. nigra , B. juneea , B . ole - 
racea , B. napus , and B. carinata are all long-clawed; Sinapis alba is also 
long-clawed but the petals are rather abruptly constricted between limb and 
claw, not gradually tapering toward the base. 
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The mode of inheritance of these differences m size and shape of petals 
of Bramca seems not to have been investigated. 

11. Petal Color. Bailey stated that the petals of B. oleracea , B . napus, 
and allied species were cream-yellow, very light yellow, ochroleucous, or 
white, and those of other species were bright yellow or sulphur-yellow. The 
writer has found that the petals of the juncea-chinensis group are not always 
bright yellow or sulphur-yellow. The petals of the new type of B. chinnisis, 
pe-hwa piao-er-tsai. are white, but at the point of inflection of the claw there 
is a very light yellow color. In addition to this type, other types of white 
petals have been found in the juncca-chincnsis group. Petals have often been 
found in Meitau siao-yu-tsai ( B. chinensis var. pandurata) which are not so 
white as those of pe-hwa piao-er-tsai, with a little more yellow pigment dis¬ 
tributed throughout the petal. Another sort of white petal is found in Meitau 
da-yu-tsai (B. jnncea var. gracilis); its appearance is much like that of 
white-flowered siao-yu-tsai. A cross of white-petaled siao-yu-tsai x normal 
yellow results in normal yellow F, and a ratio of 3 yellow to 1 white in F 2 . 
The yellow of the F s segregates is not uniform; three grades—intensified 
yellow, normal yellow, and greenish-yellow—may be identified. Similarly 
two grades—parental white and yellowish-white—may be identified among 
the white-petaled progeny. 

The F a of white-petaled da-yu-tsai x normal yellow has also been ob¬ 
tained. The petal color of the hybrid is normal yellow. A ratio of 12 normal 
yellow : 3 light yellow :1 parental white is obtained in the F, ( generation 
when the Fi plants are selfed. This suggests a 2-gene hypothesis. 

Petals of the F l plants of pe-hwa piao-er-tsai x vellow-petaled wild type 
siao-yu-tsai are lemon-yellow. When the F 1 was selfed, 14 normal yellow, 2 
lemon yellow, and 5 white were obtained. The backcross progeny of pe-hwa 
piao-er-tsai x F ] resulted in 33 lemon-yellow* and 22 white-petaled plants. 
White petal of piao-er-tsai may differ from wild type yellow petal by a single 
gene. 

Pearson (1929) and Kakizaki (19303, working independently on material 
from different sources, have reached the same conclusion, that the white 
corolla of B. oleracea is conditioned by a single dominant gene Wh y yellow 7 
being recessive. As regards the white-petaled form, Bailey considered it as 
a species under the name B. alboglabra. As far as evidence is available, such 
simply inherited differences, though of considerable interest, cannot be re¬ 
garded as of taxonomic value, and exclusion of them in the delimitation of 
species will remove the most serious anomalies from the older classification. 
It is possible to select from commercial crops heterozygous plants of white- 
flowered B. alboglabra which will give progenies consisting of 75 per cent 
white-flowered B. alboglabra and 25 per cent yellow-flowered B. oleracea — 
two species within a single commercial variety. 
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12. Length and Shape of Silique. According to the writer’s observa¬ 
tions of the last three years, length and shape of silique should be considered 
as among the major taxonomic characters of Brassica. Classification of spe¬ 
cies based upon this character is found quite satisfactory. The siliques of all 
species of Brassica are essentially glabrous, but those of $ inapis alba are 
densely covered with still* setose hairs. This should be regarded as one of the 
typical differences between Brassica and 8 inapis. Also the silique of 8 inapis 
alba is sharply constricted in the center and has seven ridges on each of the 


two valves (fig. 1, h). These also should be considered as major taxonomic 


characters. Moreover, the siliques of B. nigra . B. jjuncva , and B. carinata are 
all 4-sided, especially those of B . nigra; with no extra ridges except the four 
distinct edges (fig. 1). The external constrictions of these three species are 
not so prominent as those of Sinapis alba. The siliques of B. chinensis, B . 

TAI1LK 8. Mean length of silique in 22 specimens of Brassica (1941). 

Nairn* 

Mean length 
(inm.j 

Name 

Mean length 
(mm.) 

Yellow-flowered kale 

71.4 

Meitan da-yu-tsai 

31.7 

Red kohlrabi 

07.8 

Snowball turnip 

31.7 

White (lowered kale 

r> 7.2 

Horsetail da-yu-tsai . 

31.5 

Green kohhnbi 

54.4 

Tson-tsai 

31.4 

Rutabaga 

54.8 

I/mg'Chiao-tsai 

31.1 

Meitan sino-vu-tsai 

44.8 

I shall long-petioled 

30.8 

(’hi-eho yieh da-ton tsai 

37.9 

Kwangsi long petioled . 

27.5 

Pe-pa -yieh da-t ou t.sa i 

34.9 

Chou-chow chieh-tsai 

27.4 

Kiaugmen pe-tsai 

Meitan h wa n gi ■ y a -1 sa i 

34.0 

Xant'eng chieh-tsai 

25.0 

33.2 

Pe-liwa piao-er-tsai 

20.2 

Kweilin hwa-tsai 

Significant difference at 

32.7 

5% point: 0.30 mm. 

Shealiebung chieh-tsai 

20.2 


olcracca , and B. napas are all practically glabrous; no distinct ridges can be 
found on their surfaces ami they are elliptic in cross section. 

Considering the length of silique exclusive of the beak, one finds very 
remarkable differences among species (tables 8-10). Ten random measure¬ 
ments in each of 22 specimens and 20 measurements in each of 5 species of 
Brassica were made in 1941 and 1943 respectively. In 1944, 10 random mea¬ 
surements in each of 15 specimens were made. The differences necessary for 
significance were determined by analysis of variance. The variance between 
species or varieties were significantly greater than that within each class, 
indicating real differences among the species and varieties of Brassica . 

The siliques of B. nigra and 8 inapis alba are significantly shorter than 
those of any other species. Bailey mentioned that the fruit of B. nigra is 
short, less than 1 inch long, and that of $ inapis alba 0.75-1.5 inches long. 
However, the writer has not found one fruit of Sinapis alba which exceeded 
15 mm. in length in samples taken over two years, and no silique of B. nigra 
was found to exceed 14 mm. in length. 
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TABLE 9. Mean length of silique in 5 species of Brassiea {1943), 


Mean length (mm.) 


B, nigra . 

11.0 

Sinapis alba . . 

12.0 

B. juncea var. gracilis . 

29.2 

B. carinata . 

3(L0 

B. napella . 

48.5 


Species 


Significant difference at 5% point: 1.65 mm. 


It can be seen from table 10 that the lengths of siliques of different spe¬ 
cies of Brassiea are quite variable in nature. The range of variation may be 
as small as 3 mm., as in B. nigra , and as large as 41 mm., as in hwang-ya-tsai. 
High variability is associated with long siliques and low with short. It would 
be unfair to use a generalized experimental error for comparing different 
species-means within certain large-silique groups or within certain small- 
silique groups. On account of this relation, three groups—large-, medium-, 
and sinall-silique groups—have been separated according to the range of 
variation and the mean lengths of silique. Analysis of these groups gave 
quite different variances within species. 

In general, the siliques of the 9- and 19-chromosome species are very long. 

TABLE 10. Ten random measurements of length of silique in each of 15 specimens 
of Brassiea {1944). 


Name 


Lengths of silique (min.) 


Menu length 
(mm.) 


B. nap us . 

68 

68 

61 

58 

71 

66 

61 

59 

42 

45 

59.9 

B- napobrassica 

53 

53 

51 

55 

55 

53 

57 

49 

50 

38 

51.4 

B. olcracea var. acephala 

60 

62 

75 

73 

73 

76 

74 

61 

62 

54 

67.0 

B. campestris . 

60 

60 

52 

54 

47 

43 

44 

42 

30 

22 

45.4 

Ttwang-ya-tsai (special) 

69 

69 

70 

72 

54 

52 

43 

40 

37 

31 

53.7 

Significant difference at 5% point for 

above: 

9.67 

mm. 







Da-chieh-tsai . 

40 

40 

42 

39 

39 

33 

38 

39 

33 

25 

36.8 

Da-yu-tsai . 

31 ' 

33 

33 

31 

32 

35 

30 

31 

33 

23 

31.2 

B. carinata . 

35 

35 

34 

32 

33 

27 

31 

26 

22 

18 

29.3 

B. campestris . 

36 

34 

37 

36 

35 

26 

27 

28 

19 

38 

31.6 

Extra early purple top ... 

23 

32 

35 

31 

42 

47 

48 

41 

31 

25 

35.5 

Siao-yu-tsai . 

37 

38 

35 

37 

38 

40 

35 

30 

22 

20 

33.2 

Pe-hwa piao-er-tsai . 

27 

25 

26 

27 

28 

24 

26 

21 

21 

18 

24.3 

Significant difference at 5 

% point for above: 

5.28 mm. 







B. nigra . 

. .. 10 

13 

12 

10 

11 

11 

10 

12 

12 

11 

11.2 

Sinapis alba . 

. .. 7 

13 

12 

12 

13 

10 

12 

11 

11 

12 

11.3 

Shealiehung chieh-fcsai .... 

17 

20 

18 

21 

20 

20 

19 

20 

18 

18 

19.1 


Significant difference at 5% point for the above: 1.28 mm. 
Significant difference at 5% point for all species: 6.56 mm. 
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The mean lengths range from 48.5 nun. in B. napella (table 9) to 71.4 mm. 
in yellow-flowered kale (table 8). But the mean lengths of silique of nearly 
all varieties of B. jnncea , B. chinensis, B. rapa, and B. carinata are rather 
short, from 19.1 nun. in Shealiehung chieh-tsai (table 10) to 37.9 mm. in 
ehi-cho-yieh da-tou-tsai (table 8). Table 8 shows that the mean length of 
siliques of Meitan siao-yu-tsai is 44.8 mm., which is significantly less than the 
mean length of the siliques of rutabaga or green kohlrabi but greater than 
that of ehi-cho-yieh da-tou-tsai. As shown in table 10, the mean length of 
siliques of another type of siao-yu-tsai in Meitan is 33.2 mm., which is also 
significantly less than that of the long-silique species but not significantly 
different from that of the medium-silique species. In which group should 
Meitan siao-yu-tsai be included? in a study of correlation of characters of 
siao-yu-tsai in Hangchow, Sun and Chon (1930) reported the estimated 
mean length of the siliques, including the beak, as 57.1 mm. The estimated 
standard deviation was 11.7 mm. and the range of variation 30.1-95.0 mm. 
Considering these data, it seems safe to include siao-yu-tsai in the long- 
silique group. 

The variation in silique-length of different types of B. campestris and of 
hwang-ya-tsai is also great. Identification of these species should only doubt¬ 
fully be based on silique-length alone. 

It follows from present data that species of Brassica may generally be 
placed in three groups according to silique-length: 

1. Short-silique group; mean length 11.0-12.0 mm.; range of varia¬ 
tion 7-15 nun.; species: B. nigra, Sinapis alba. 

2. Medium-silique group; mean length 19.1-37.9 min.; species: B. 
campestris , B . rapa , B. chinensis , B. juncca , B. carinata. 

3. Long-silique group; mean length 44.8-71.4 mm.; species: B. ole- 
racen , B. napus (B. napella ), B. campestris , B . chinensis var. pandurata 
and var. pekinensis. 

13. Length and Shape of the Beak of Silique. Length and shape of 
beak should also be considered as important taxonomic characters. Bailey 
used this character to separate Brassica ( Sinapis ) alba from other species. 
He placed B. nigra and all 10- and 18-chromosome species under the heading 
“beak of mature silique slender or conical, terete in section, not seed-bear¬ 
ing,” while B. alba is found under the heading “beak of mature silique long 
and flat or two-edged, usually or often containing a seed in the indchiscent 
cell.” The above distinction may generally be considered correct, but the 
writer has found no seed in the beak of Sinapis alba; it is essentially flat, 
scythe-shaped, equaling or exceeding the fruit body, in these ways quite 
different from all species of Brassica proper. 

Bailey also pointed out that the beak of B. napus is mostly more than 
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TABLE 11, Mean length of beak in specimens of Brassica ( 1941), 


Name 

Length of 

Name 

Lengtli of 

beak (mm.) 

beak (nun.) 

Meitan siao-yu-tsai. 

39.7 

Red kohlrabi . 

7.7 

Rutabaga . 

13.7 

Common da-tou-tsai 

7.6 

Yellow-flowered kale 

3 1.3 

White-flowered kale . .. 

7.4 

Snowball turnip. 

9.3 

Nanfeng ehieh-tsai . . . 

. . 7.4 

Kiangmen pe-tsai . 

9.1 

Chi-cho-yieh da-tou-tsai 

7.3 

Horsetail da-yu-tsai ... 

8.8 

Tson-tsai . 

7.3 

Kwangsi long-petioled . 

8.7 

Shoaliehung chieh-tsai 

6.9 

Islian long-petioled . 

8.7 

(fiiou-chow chieh-tsai 

6.9 

Meitan liwang-ya-tsai ... 

8.1 

Kweilin hwa-tsai . . 

6.3 

Meitan da-yu-tsai . 

8.0 

Ling-chiao-tsai 

5.3 

Green kohlrabi 

7.9 

1 

Pe-lnva piao-er-tsai 

. .. 4.9 


Significant difference at 5% point: 1.87 mm. 


TABLE 12. Mean length of beak in b speeds of Brassica (7.9 U). 


Species Menu length of bonk (mm.) 


B. nigra . . . ., , 2.9 

$ inapis alba . . . 14.9 

B. juncea vnr. gracilis . . 6.7 

B. carinata 3.6 

B.napclla . 17.3 


Significant difference at 5% point: 0.H7 mm. 


TABLE 33. Mean length of beak in lb specimens of Brassica (7.977). 


Name 

10 measurements of length of beak 

(mm.) 

Mean 

B. nap us . 

16 

18 

16 

16 

16 

16 

17 

15 

14 

16 

16.0 

B. rtapobrassica . .. 

12 

12 

11 

10 

12 

12 

11 

11 

12 

9 

11.2 

B. campestris (1) 

25 

24 

23 

25 

20 

17 

13 

11 

13 

10 

18.1 

Extra early purple top 

8 

10 

19 

18 

22 

19 

18 

16 

13 

10 

15.3 

B. campestris (2) . 

18 

14 

18 

16 

18 

12 

11 

11 

10 

17 

14.5 

Hwang-ya-tsai (special) 

11 

12 

14 

14 

11 

9 

10 

8 

6 

8 

10.3 

Sinapis alba . 

10 

15 

14 

14 

15 

12 

13 

14 

13 

14 

13.4 

Significant difference at 5% point of 

above: 3.04 : 

mm. 







B. oleracea var. acephala 

8 

8 

7 

6 

7 

7 

8 

6 

7 

5 

6.9 

Siao-yu-tsai (var. pandurata) 

6 

7 

6 

5 

6 

6 

4 

5 

3 

3 

5.1 

Pe-hwa piao-er-tsai . 

6 

7 

8 

7 

8 

6 

6 

4 

5 

4 

6.1 

Da-yu-tsai (var. gracilis) 

8 

8 

8 

9 

9 

10 

8 

9 

6 

7 

8.2 

Shoaliehung chieh-tsai . . 

5 

4 

6 

6 

6 

6 

7 

6 

4 

6 

5.6 

Ba-chieh-tsai ( rvgosa ) 

9 

9 

8 

8 

7 

7 

8 

8 

6 

7 

7.7 

B . carinata . 

4 

4 

3 

3 

4 

3 

3 

3 

4 

3 

3.4 

B . nigra . 

2 

3 

3 

3 

3 

3 

3 

3 

3 

4 

3.0 

Significant difference at 5% point for above: 

0.92 mm. 







Significant difference at 5% point for all species: 

2.16 

mm. 
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1 cm. long, that of B . napobrassica usually Jess than 1 cm., and that of B. 
napiformis less than 8 mm. 

For a study of the length of the beak, 10 random measurements in each 
of 22 specimens, 20 measurements in each of 5 species, and 10 measurements 
in each of 15 specimens of Brassica were made in 1941, 1943, and 1944 respec¬ 
tively (tables 11-13). 

The mean beak-length of specimens examined may be classified in two 
main groups, a long-beak class and a short-beak class. The long-beak class 
includes Sinapis alba , all 19-chromosome species, and some of the l()-ehromo- 

TABLE 14. Silique-beak ratio in 15 specimens of Brassica in 1944 . 



Mean silique-beak 


Name 

ratio based on 10 
computations 

Kange of variation 

Sinapis alba 

0.8 

0.2 

B. rapa 

2.4 

1.4 

B. cam pest r is (1) 

2.0 

1.7 

/>. cam pest r is (2) 

2.2 

0.6 

Significant difference at 5% point for 

above: 0.35. 


B. nap ns 

3.7 

3.6 

B. napobrassica 

4.0 

1.3 

Hwanga va-tsai (special) 

5.3 

2.3 

lY-liwa piao-er-tsai 

4.1 

2.0 

Da-yu-tsai 

3.9 

o *> 

Pa-cliieh-tsai 

4.8 

2.0 

Shealiehung ehieh-tsai 

3.5 

2.3 

B. nigra 

3.8 

2.2 

Siao yu tsai 

0.7 

3.3 


Significant, difference at 5% point for above: 0.55. 


B. attract a var. acrpbala 

9.8 

4.7 

B. carinata 

8.7 

5.8 


Significant difference at 5% point for above: 1.58. 
Significant difference at 5% point for all specimens: 0.71. 


some specimens. The short-beak class includes B. nigra, B. carinata , all 9- 
aud 18-chromosome specimens, and some of the 10-chromosome specimens. 
Table 11 shows that Meitan siao-yu-tsai belongs to the long-beak class and 
the beak-length variation of other specimens including the 9-, 10-, 18% and 
19-chromosome species ranges from 4.9 to 11.7 mm. There is practically no 
clear-cut line in t.fie classification of species; consequently it was thought that 
the ratio of beak-longth to silique-length might be more applicable than beak- 
length alone in classifying species. This ratio computed for 15 specimens in 
1944, 5 species in 1943, and 22 specimens in 1941, is shown in tables 14-16. 

The variation of the silique-beak ratio is essentially continuous and no 
clear-cut line can be drawn to separate groups. One outstanding feature 
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TABLE 15. Mean siliQeu-bealc ratio in 5 species of Brassica (1943). 


Species Mean silique-beak ratio 


B. nigra . 4.0 

Sinapis alba . 0.8 

B. juncea var. gracilis . 4.4 

B. carinata . 8.4 

B. napella . 2.8 


Significant difference at 5% point: 0.49. 


should be mentioned: the mean silique-beak ratio of Sinapis alba . was found 
to be 0.822 and 0.841 in 1943 and 1944 respectively, definitely showing that 
the beak length exceeds the silique length. This should be regarded as an 
identifying character which does not occur in other species. 

Kohlrabi, kale, and B. carinata may be considered as the short-beak spe¬ 
cies in terms of silique length. Some types of Meitan siao-yu-tsai, B. cam - 
pestris, and the extra early purple top turnip may be considered as the long- 
beak type. Other specimens, including B. nigra, B. napus , rutabaga, and 
varieties of B. chinensis and of B. juncea can hardly be separated by silique- 
beak ratio. 

14. Angle between Pedicels and Rachis. It is found in Brassica that the 
angle between pedicels and rachis differs in different species. Pedicels of 
B. nigra are closely appressed to the rachis, and Bailey has considered this 
as typical of that species. The writer has found that this character is not 
confined to B. nigra but is found also in B. juncea. Horsetail da-yu-tsai 
( B. juncea var. orthocarpa) is characterized by the same sort of ascending 
pedicels as B. nigra. 

Besides the extreme type of B. nigra , the angle between pedicels and 
rachis varies widely in other species. The pedicels of B. napella and Sinapis 
alba are practically perpendicular to the rachis; while in other species differ¬ 
ent angles are found in different varieties. For a study of the variation in 


TABLE 16. Mean silique-bcaik ratio in 33 specimens of Brassica (1941). 


Name 

Mean ratio 

Name 

Mean ratio 

Meitan siao-yu-tsai . 

2.3 

Pe-hwa piao-er-tsai . 

4.1 

Shealiehung chieh-tsai 

2.9 

Tson-tsai . 

4.3 

Kwangsi long-petioled . ... 

3.2 

Common da-tou-tsai .. . 

4.6 

Snowball turnip. 

3.4 

Rutabaga . 

4.7 

Ishan long-petioled . 

3.5 

Kweilin liwa-tsai. 

5.2 

Nanfeng chieh-tsai. 

3.5 

Ohi-cho-yieh da-tou-tsai . ... 

5.2 

Horsetail da-yu-tsai. 

3.6 

Ling-ehiao-tsai . 

5.9 

Kiangmen pe-tsai . 

3.8 

Yellow-flowered kale 

6.3 

Meitan da-yu-tsai . 

4.0 

Green kohlrabi . 

. . 6.9 

Chou-chow chieh-tsai. 

4.0 

White-flowered kale . 

7.7 

Meitan hwang-ya-tsai 

4.1 

Red kohltabi . 

. .. 8.8 








1940] 


SUN: BRASSICA 


277 


TABLE 17. Mcan angles between pedicels and rachis in 3 specimens of Brassica 
(1941). 


Name 


Mean angle 

(based on 20 measurements) 


Meitaii siao-yu-tsai. 65.2° 

Meitan da-yu-tsai ... 48.0° 

Horsetail da-yu-tsai 14.7° 


Significant difference at 1% point: 9.298°. 


this angle, 20 measurements in each of three specimens were made in 1941. 
Table 17 indicates that the mean angle formed between pedicels and rachis in 
horsetail da-yu-tsai is acute, which means that the silique is appressed to the 
rachis. Meitan siao-yu-tsai represents the wide-spreading type but the angle 
does not reach 90 degrees. Meitan da-yu-tsai represents the intermediate 
type, the angle being about 45°. 

IS. Number of Seeds per Silique. It has been pointed out that the 
length of silique may be considered important in the classification of species 
of Brassica . It is easily realized that the number of seeds per silique may 
also be of use. Sun and Chon (1930) reported that the mean number of seeds 
per silique in Hangchow siao-vu-tsai, estimated from 87 individuals, was 
32.89; the estimated standard deviation was 3.8, and the total range of vari¬ 
ation 24-42. For a study of the variation in number of seeds per silique, 10 
random counts in each of 6 and 15 specimens of Brassica were made in 1943 
and 1944 respectively. It can be seen from tables 18 and 19 that significant 
variation in number of seeds per silique occurs in different species. Analogous 
to the silique-length groups, three groups may generally be separated accord¬ 
ing to the mean number of seeds per silique, as follows: 

1. Kmall-silique group; seeds per silique from 1 to 8; mean number 
of seeds 3.3-5.6; species included: B. nigra , Sinapis alba, 

2. Medium-silique group; seeds per silique from 9.6 to 20.6; species 
included : B. camjtcsiris , B . chincnsis , B. carinata , and B . juncca. 

TABLE 18. Number of seeds per silique in different species of Brassica (1943). 


Species 




10 random counts 




Mean 

B. alba . 

3 

4 

o 

4 

4 

4 

4 

3 

5 

5 

3.8 

B. nigra . 

6 

3 

5 

5 

8 

7 

5 

0 

4 

7 

5.0 

B. carinata 

14 

7 

12 

13 

13 

12 

10 

8 

8 

15 

11.2* 

Da-yu-tsai. 

18 

14 

14 

14 

13 

14 

13 

16 

14 

15 

14.5 

vSiao yu-tsai . 

23 

22 

23 

23, 

23 

23 

27 

14 

n 

17 

20.6* 

B. napella . 

20 

27 

27 

20 

14 

17 

29 

27 

23 

24 

24.0 


Significant difference of means at 5% point: 2.80. 
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3. Large-silique group; seeds per siliqtie from 24 to 30.6; species 
included: B. oleracea, B. ruipus ( B . napella ), and B. chinensis var. 
pandurata. (In Hangchow siao-yu-tsai, the range of variations was from 
24 to 42 seeds per silique.) 

16. Color and Size of Seeds. Color and size of seeds of different species 
and varieties of Brassica vary greatly. Sun (1937) examined the variation 
in weight of 50 seeds in relation to seed color of inbred lines of Hangchow 
siao-vu-tsai. His results are reproduced in table 20. They distinctly indicate 
a wide variation in seed size among these inbred lines. A test for indepen- 

TABLE 19. Number of seeds per silique iu different species of Brassica (11)44). 


Name 


Hwang-ya-tsa i (special) 
Meitan siao-yu-tsai 
B. cam pest pis (1) . 
Extra early purple top 
B. campestris (2) . 

/?. car inala 
B. juncea var. rugosa 
Pe-hwa piao-er tsai 
B. juncea var. gracilis 


B. napus 

B. napobrassica 

B. oleracea var, aceph ala 


B. nigra 
Sinapis alba 
Shealiehung ehieh-tsai 





10 random counts 




Mean 

25 

30 

25 

30 

14 

8 

6 

4 

5 

o 

14.9 

24 

25 

23 

21 

24 

30 

22 

17 

? 

3 

19.2 

17 

27 

v>*> 

27 

16 

19 

28 

23 

o 

4 

18.5 

3 

5 

9 

8 

10 

23 

16 

12 

5 

5 

9.6 

17 

20 

20 

19 

21 

5 

10 

11 

4 

19 

14.6 

15 

15 

18 

15 

13 

12 

11 

11 

5 

4 

11.9 

17 

20 

18 

16 

14 

11 

20 

19 

16 

6 

15.7 

21 

20 

1(1 

17 

21 

15 

16 

13 

11 

8 

15.8 

14 

16 

13 

14 

14 

15 

16 

15 

16 

6 

13.9 

>f above : 

*t 5<7c 

point: 

6.25. 






31 

35 

27 

21 

34 

30 

26 

25 

11 

14 

25.4 

29 

23 

30 

28 

28 

24 

31 

22 

25 

13 

25.3 

2(1 

27 

36 

38 

33 

38 

36 

28 

25 

19 

30.6 

jf above j 

fit 5% point: 

6.14. 






5 

6 

4 

5 

4 

4 

3 

5 

5 

5 

4.6 

1 

4 

3 

4 

5 

o 

3 

4 

3 

4 

3.3 

9 

n 

9 

12 

11 

8 

10 

9 

8 

9 

9.6 


Significant difference of means of the above at 5% point: 1.04. 
Significant difference of means of all species at 5% point: 5.51. 


deuce of the data gave X 2 = 11.637. For 5 degrees of freedom p would fall 
between 0.05 and 0.02, indicating that an association exists between seed 
color and seed size, large seed being associated with yellow and small seed 
with red or purple color. 

For a detailed study of the variation in seed size of different species and 
varieties, seed weights were determined for 2 random samples of 50 seeds in 
each of 44 specimens and 2 random samples of 100 seeds in each of 49 speci¬ 
mens in 1941 and 1943 respectively (tables 21-24). It is seen from table 21 
that seed size varies greatly even within groups of the same number of chro¬ 
mosomes. Jn general, seed size of the 10-chromosome group may be considered 
as larger than that of the 18-chromosome group (table 23). Table 24 shows 
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TABLE 20. Frequency distribution of seed weight in relation to seed color . 


of 50 seeds (g.) 

Purple or 

Number of plants with seeds 
red Yellow' 

Total 

0.10-0.13 

7 

5 

12 

0.13-0.14 

5 

0 

11 

0.14-0.15 

17 

13 

30 

0.15-0.10 

17 

23 

40 

0.10-0.17 

7 

13 

20 

0.17-0.29 

0 

33 

42 

Total 

02 

93 

155 


TABLE 21. Mean weight of .10 seeds and seed color of different species and varieties 
of Brassica (104j). 


N a mo 

Given kohlrabi 
Rod kohlrabi 
Whitt*-flowered kale 
Yellow-flowered kale 
Rutabaga 
Siao-yu-tsai (1) 

Siao-yu-tsai (2) 

Siao-vu-tsai (3) 

Siao-yu-t.sui (4) 

Siao-vu-tsai (5) 

Siao-vu-tsai (0) 

Siao-vu-tsai (7) 

Long pet ioled pe-tsni 
Kweilin hwa-tsni (1) 
Tze-kiang siao-vu-tsai 
White-petaled siao vu tsai (1 
Pe-hwa piao-er-tsai 
Kweilin hvva tsai (3) 

Kweilin liwa-tsai 
Loehsiang siao-yu-tsai 
Hybrid turnip 
Yiianlin siao-yu-t sa i 
White-petaled siao-yu-tsai (1 
Pe tsai 

Sionlan siao-vu-tsai 
30-day early tsai-tai 
Kasiu short petioled 
Snowball turnip 
Ling-chi ao-tsai 
Da-tou-tsai 
Chou-chow ehieh-tsni 
Bed-leaf ehieh-tsai 
Din fan (4) da-yu-tsai 
San-yen-tdiin tdiieh tsai 
White-petaled da-vu tsai 
Horsetail da-yu-tsai 
IIsu-pu da-yu-tsai 
Ping-yeu da-yu-tsai .... 
Yellow-leaf ehieh-tsai 
Nanfeng ehieh-tsai . 

Wild da-yu-tsai. 

Ping-yeu (1) da-yu-tsai .... 
Shealiehung ehieh-tsai 
Tson-tsai . 


Seed eolor 
Purple 

Purplish-brown 
Pin plisli-blaek 
Purplish-black 
. . . Purplish-black 

Yellow 
Yellow 
Yellow 

Purplish brown 

Yellow 

Yellow 

Pur] dish-brown 
Pur] dish-black 
Purplish-brown 
Purplish-black 
) Yellow 

Reddish-brown 
Purplish-brown 
Purplish brown 
Purplish-black 
Purple 

Purplish-black 
) Yellow 

Purplish-black 

Purplish-black 

Purplish-brown 

Purplish-brown 

Purplish-brown 

Purplish-black 

Brown 

Brown 

Black 

Purplish-brown 
Purple 
Yellow 
B rowii 

.. . . Purplish-brown 

Purplish-brown 
Purplish-brown 
Purplish-brown 

. Reddish-brown 

. . Purplish-brown 

Brow’ii 
Brow r n 


Weight of 

Calculated for 

50 seeds 

100 seeds 

0.22 

0.45 

0.15 

0.30 

0.14 

0.29 

0.13 

0.20 

0.10 

0.21 

0.20 

0.40 

0.17 

0.35 

0.17 

0.35 

0.15 

0.30 

0.15 

0.30 

0.14 

0.29 

0.14 

0.29 

0.10 

0.20 

0.10 

0.21 

0.09 

0.18 

0.09 

0.18 

0.09 

0.17 

0.08 

0.17 

0.08 

0.16 

0.08 

0.16 

0.07 

0.14 

0.07 

0.14 

0.07 

0.13 

0.07 

0.13 

0.06 

0.13 

0.00 

0.13 

0.00 

0.12 

0.04 

0.08 

0.08 

0.1(5 

0.08 

0.16 

0.07 

0.13 

0.07 

0.13 

0.07 

0.13 

0.00 

0.13 

0.00 

0.13 

0.00 

0.13 

0.00 

0.12 

0.05 

0.11 

0.05 

0.10 

0.04 

0.08 

0.04 

0.09 

0.04 

0.09 

0.04 

0.08 

0.03 

0.05 
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TABLE 22. Frequency distribution of seed weight in relation to number of chromo¬ 
somes {1941), 



Number of varieties having 

Total 


n = 10 

n~ 18 

0.05-0.12 

2 

7 

9 

0.12-0.16 

7 

9 

16 

0.16—0.20 

5 

0 

5 

0.20-0.32 

6 

0 

6 

0.32-0.40 

3 

0 

3 

Total . 

23 

16 

39 

TABLE 23. Weight of 100 seeds in 

each of 49 varieties of rape 

{1943). 

Name 


Seed color 

Mean wt. of 100 
seeds (g.) 


Siao-y u-tsai (y x w)l\ . 

Yellow 

0.38 

Siao-yu-tsai (1) . 

Yellow 

0.37 

Siao-yu-tsai (2) . 

Yellow' 

0.36 

Siao-yu-tsai (70) . 

Yellow 

0.33 

Siao-yu-tsai x Kweilin lnva-tsai F„ . 

Purple 

0.33 

Siao-yu-tsai (3) . 

Yellow 

0.32 

Ishan siao-yu-tsai . 

Purple 

0.32 

Bitter siao-yu-tsai. 

Purple 

0.32 

Siao-yu-tsai(y x p ) F a . 

Yellow & purple 

0.31 

Yuanlin siao-yu-tsai . . 

Purple 

0.30 

Szermen siao-yu-tsai . . 

Purple 

0.30 

Tze-kiang siao-vu-tsai 

Purple 

0.30 

Lu-chie siao-yu-tsai . 

Purple 

0.30 

White-petaled siao-yu-tsai . 

Yellow 

0.30 

Lec-hsiang siao-yu-tsai . 

Purple 

0.29 

Siontan siao-yu-tsai . 

Purple 

0.29 

Pe-hwa piao-er-tsai x siao-yu-tsai F 2 

Purple 

0.27 

Pe-hwa piao-er-tsai x wild siao-yu-tsai F» . 

Purple 

0.21 

Siao-yu-tsai commercial . 

Yellow 

0.20 

B. napella . . 

Deep purple 

0.25 

l)a-yu-tsai dinfan (4 )a 

Deep purple 

0.27 

Da-yu-tsai pinyeh (2). 

Deep purple 

0.24 

Pay u-tsai commercial (1) . 

Purple 

0.22 

Pa-yu-tsai (101) 

Yellow 

0.22 

Pavu-tsai commercial (2) .... ... 

Yellow 

0.22 

Pa-yu-tsai pinyeh (4) .... ... 

Purple 

0.22 

Pa-yu-tsai hwanpin (2) 

Purple 

0.22 

Pa-yu-tsai loo-dieh (1) .* . 

Purple 

0.21 

Pa-yu-tsai (104) . 

Yellow 

0.21 

Pa-yu-tsai dinfan (4)b . 

Purple 

0.21 

Pa-yu-tsai changsei (4). 

Purple & yellow 

0.21 

Pa-yu-tsai (106) . . 

YVUow' 

0.21 

Pa-yu-tsai (110) . . 

Yellow 

0.20 

Pa-yu-tsai (96) . . . 

Yellow 

0.20 

Pa-yu-tsai commercial . 

Yellow' 

0.20 

Pa-vu-tsai (107) . 

Yellow' 

0.20 

Pa-yu-tsai pingchow (2) . 

Purple 

0.20 

Pa-yu-tsai kwenlin (2; ... . 

Purple 

0.20 

Pa-yu-tsai pinyeh (1) . 

Purple 

0.19 

Da-yu-tsai (102) . 

Yellow 

0.19 

Pa-yu-tsai sze-pim (2) . 

Purple 

0.18 

Horsetail da-yu-tsai . 

Yeilow r 

0.18 

Pa-yu-tsai shepu sweet . 

Purple 

0.18 

White-petaled da-yu-tsai . 

Yellow 

0.17 

(Tson-tsai x da-yu-tsai)F 2 . 

Purple 

0.16 

(Shealiehung x white-petaled da-yu-tsai) F a 

Purple 

0.15 

(Tson-tsai x Shealiehung) F 2 . 

Purple 

0.14 

Tson-tsai . 

Purple 

0.14 

Shealiehung . 

Purple 

0.13 
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significant variation in seed size among the 49 varieties tested. Analogous 
to the 1941 results, variation is also great within groups having the same 
number of chromosomes (table 25). 

TABLE 24. Frequency distribution of seed weight in relation to number of chromo¬ 
somes of two Chinese species of rape (1943). 


Number of varieties having 


Weight of 100 Heeds - 

n — 10 

n ~18 

Total 

0.101-0.15 

0 

4 

4 

0.151-0.20 

0 

12 

12 

0.201-0.25 

2 

12 

14 

0.251-0.30 

6 

1 

7 

0.301-0.35 

8 

0 

8 

0.351-0.40 

3 

0 

3 

Totals 

19 

29 

48 


Although there is association between seed size and species groups, owing 
to the continuous and overlapping distribution of their frequencies the two 
groups can hardly be separated by seed size alone. Size of seed, therefore, 
can be considered as only minor for taxonomic 1 purposes. 

As to seed color variation, many shades from purplish-black to light 
yellow have been observed in both 10- and 18-chromosome species. The pres¬ 
ence or absence of pigment and its genetic nature were not investigated until 
recently. Varietal crosses were made between yellow and purple seed-types 
of B . juneva in the spring of 1941. Breeding experiments have shown that 
purple was dominant over yellow, as indicated by the phenotype of the F 3 
hybrid. In certain F a populations, a segregation of 15 purple and red to 1 
yellow was obtained. Another population showed a ratio of 3 red to 1 yellow. 
A back cross progeny of the yellow-seeded parent by an Fi plant showed a 
ratio of 3 red to 1 yellow, which confirms the duplicate factor hypothesis sug¬ 
gested by t he F 2 . 

From the above results it may be safe to conclude that color and size of 
seed of B. chinensis and B. juncca can be regarded as useful for identifying 
agricultural varieties within these two species, but not adequate for differ¬ 
entiation of species in general 
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BANISTERIA CAAPI SPRUCE: ITS CHROMOSOMES 1 II 

J. T. Baldwin, Jr. 

Not a few of the scientifically minded travelers in the Amazonian region 
have written of “CaapiBanistcria Caapi Spruce. Ducke (1943) states 
that the pronunciation in lingua gcral conforms to the spelling “capi.” And, 
of course, there are other popular designations for the plant, which is a 
shrubby vine of the Malpighiaeeae. Richard Spruce, in the 1850’s, was 
acquainted with its cultivation as a drug plant by the Indians on the upper 
tributaries of the Rio Negro in Amazonas, Brazil, at the cataracts of the 
Orinoco in Venezuela, and in parts of eastern Peru and Ecuador. Tn a letter 
about “Caapi” Dr. Raymond M. Haim of the National Institute of Health 
has informed me that “the alkaloid is banisterine and it is identical with 
harmine,” a derivative of one of the Rutaceae. Perhaps the best original 
account of “Caapi” and of the effects of its use by the Indians is that of 
Spruce (1908). A readable and general summary is given by Lewin (1931), 
who says that it “evokes mental disorders similar to the effects” of Datura. 

The lower part of the stem is beaten in a mortar, and, after the woody 
debris is separated, the remainder is diluted with water and drunk. Accord- 
ing to some writers the triturated material is boiled. Also, sometimes, parts 
of other plants are added to the preparation. The general effects of drinking 
“Caapi” .seem to be: fluctuations in temperature, disturbance of sight, 
vomiting and vertigo, feelings of fear and of boldness, visions of tilings 
wonderfully pleasant and beautiful and of things horrible. Spruce (190s) 
stated: “In two minutes or less after drinking |a certain amount of] it, its 
effects begin to be apparent. The Indian turns deadly pale, trembles in every 
limb, and horror is in his aspect. Suddenly contrary symptoms succeed : In* 
bursts into a perspiration, and seems possessed with reckless fury. ... In 
about ten minutes the excitement has passed off, and the Indian grows calm, 

1 Morton (1930) gave tlie reasons for accepting the genus Banistcriopsis Robinson 
and (1931) assigned the plant here treated to it. In the latter paper he described Bind 
ateriopsis inrbrians and discussed its relations to B. Caapi and B. quit nisi a: all these arc 
powerful drug plants. Though I know nothing of the merits of specific segregation in this 
particular aggregate, it is my impression that many groups of tropical plants are over 
named through a lack of understanding of genetic variation in those groups. And 1 
wonder whether tropical floras—of the Amazonian region, for example—when they are well 
understood, will prove as rich in species as they now seem: from my own experience with 

II eve a Aubl. throughout much of its distribution area T judge that numerous Amazonian 
species undergo introgressive hybridization with resultant difficulties for herbarium 
studies and that many species in that region are characterized by ecotypes which at the 
hands of systematists are frequently accorded recognition in binomial terms. This is not 
to imply doubt on my part that hundreds of species await description. 
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but appears exhausted.” According to Lewin (1931) Koch-Griinberg, who 
spent much time in northwest Amazonia, “drank tw>o small calabashes of the 
magic liquor. After a short time he experienced, especially when he emerged 
into darkness, a peculiar scintillation in crude colours before his eyes. When 
writing, shadows like red flames passed over the paper. The dose was insuffi¬ 
cient to enable him to experience the sensations produced in the Indians by 
this Phantasticum.” 

1 have seen “ Caapi” cultivated at Cucuhy, at the Venezuelan border, on 
the Rio Negro, in Amazonas, Brazil; shortly above the mouth of the Rio 
Uaupes, in Amazonas; 2 at the Oampo Experimental, near Manaos, Amazonas, 
where it had been transplanted by Adolpho Dueke from the Rio Curicuriary, 
a tributary of tiie upper Rio Negro (a specimen is in the U. S. National 




2 


riironiosomcN of Hamuli via Caapi Spruce. Fi<*. 1. Metaphase plate from leaf of 
Manaos plant (originating from Bio Curicurinrv). Fin. 2. Alignment of mctuphase 
chromosomes from a coichicined leaf of Fucuhy plant. From preparations ami drawings 
by nernice M. Sperse. Magnification ra. v 1*000. 
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Herbarium: l)uckc 1:V >); and at Belem, Para, Brazil. Cuttings from the 
plants at Cucuhy, Manaos, and Belem are now growing at The Blandv 
Experimental Farm. 

The plants have not flowered in our greenhouse. No vegetative differences 
have been observed. Dueke (1943) described a new genus and species —Cahi 
paracusis —from plants cultivated at Belem, Para, which, in a sterile condi¬ 
tion, are distinguished from B. Caapi only by the thinner leaves of the 

2 In March, 1944, at Trovfio on the Bio U snipes, illness prevented my a attending an 
iill-night first a held by the Indians. When, after daybreak, I entered the house in which 
the celebration was still in progress, an Indian—just as recorded by Spruce almost a 
hundred years earlier—ran stumblingly from the opposite end of the house to offer me a 
calabash of what I think was “Caapi”; because of my condition, I refused the drink. 
The crowd was orderly and rather gay; they had been somewhat noisy during the night. 
Everybody there appeared to have been dusted with a white, flour-like substance. 
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latter. He states that the people of Para “ignore” the narcotic properties of 
Banisteria. However, the native from whose house I obtained “Caapi” in 
Belem told me that a drink was made from it and that its leaves were bruised 
in water used for bathing. No other record of “Caapi” for ablutionary 
purposes has been encountered, and this report may be without significance. 

Under favorable conditions the plant is a rampant grower. At the Campo 
Experimental in Manaos “Caapi” is at intervals crudely hacked to prevent 
its too great spread. If a considerable supply of the drug were needed, it 
could be readily produced. 

With the assistance of Bernice M. Speese the chromosomes of three col¬ 
lections of Banisteria Caapi at The Blandy Experimental Farm have been 
examined in leaf smears. They all have a 2/Miumber of 20 chromosomes, with 
median or submedian constrictions (figs. 1, 2). The material is cytologically 
difficult, but with the use of colchicine excellent preparations were made. 
It was hoped that there would be polyploid differences having possible corre¬ 
lation with drug content. 

No chromosome-number records for the Malpighiaceae have been found 
in the literature. Nuclear divisions in which chromosomes are represented 
have been published for Galphimia and Malpujhia by Stenar (1927), for 
Malpiyhiu by Narasimhachar (1938), and for Hiptage by Kubba Rao (1940) : 
these authors were interested in inegasporogencsis and embryo-sac develop¬ 
ment- but gave no attention to chromosomal detail. 

SUMMARY 

An account of Banisteria Caapi Spruce as a drug plant of the Amazonian 
Indians is given. The chromosomes of three cultivated plants from different 
sources were examined: the 2/f-nmnber is 20; the chromosomes have median 
or submedian constrictions. The plants studied did not differ vegetativelv; 
they were not brought to flower. No other chromosome-number reports are 
known for the Malpighiaceae. 

The Blandy Experimental Farm 
Boyce, Virginia 
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STUDIES IN THE SAPOTACEAE—V. THE SOUTH AMERICAN 
SPECIES OF CHRYSOPHYLLUM 

Arthur Cronquist 

In continuation of my studies oil the American Sapotaceae, under the 
auspices of the Chicle Development Company, I have undertaken a revision 
of the South American species of ChrysophyHum. Thirty species are here 
recognized, two of which are known to me only from the original descrip¬ 
tions. Three new species are described. The species are, in general, well 
marked and sharply defined, and, with the exception of C. marginatum, do 
not show an unusual amount of intraspecific variability. The number of spe¬ 
cies still known from only one or a very few collections suggests that others 
remain to be discovered. 

I have tried without success to prepare a reasonable pliyletic scheme. 
Characters which would seem a priori to be primitive, such as attachment 
of the filaments toward the base of the corolla-tube, instead of at the throat, 
are rather consistently associated with apparently advanced features, such 
as villous anthers or long linear seed-scars. The implication of these diffi¬ 
culties is that the primitive species, and the ancestral home of the genus, are 
to be sought in the old world, where a number of species occur today. This 
conclusion is in accordance with the fact that several African species of 
Chry sophy Hum often show vestigial stain inodes (which are only very rarely 
seen in American plants), and that the primitive genera of the family are 
in the old world. 1 have tried to place related species together in the key and 
text, but the sequence here used has no other phyletic significance. 

The failure of some workers to recognize the importance of seed-charac¬ 
ters in the family, together with the fact that the seeds of many of the 
species are unknown, has led to the impression that the genera of the S a pala¬ 
ce ac are vague and ill-defined, but, while doubtful species and indefinite 
boundaries between genera certainly exist, these are of little more signifi¬ 
cance in proportion to the whole than in many other families. ChrysnphyUnm 
is distinguished from all other American Sopotaceae by the combination of 
albuminous seeds and lack of staminodes. In the absence of fruit, species of 
Chrysophylium might be confused with the likewise astaminodial Pradosia , 
Ecclinusa, and Oxyiheee . Pradosia may then be distinguished by the ab¬ 
ruptly tenuous distal portion of the filaments, which is reflexed in bud, 
Ecclinusa by the usual presence of stipules and by its habit, and Oxyiheee 
by the texture and venation of the leaves. These have the primary lateral 
veins obscure or impressed above, and not very prominent beneath, and the 
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secondary veins-obscure on both sides or, if visible beneath, at least not 
raised. The lower surface of the leaves is more or less glaucous. Such a vena¬ 
tion is rarely found in Chrysophyllum, although C. armarium and forms of 
C. marginatum approach it. The glaucous lower leaf-surfaces of most species 
of Oxythcce find no counterpart in Chrysophyllum. Chrysophyllum imperi- 
ale has a double bend near the middle of the filaments, but the filaments are 
of the same texture throughout, and the very large, toothed leaves of the 
species are enough to distinguish it at a glance not only from Pradosia but 
from all other species of Chrysophyllum. Other species of Chrysophyllum 
have straight or occasionally flexuous filaments of essentially uniform tex¬ 
ture. Chrysophyllum pricurii and C . cuncifolium , while surely to be included 
in Chrysophyllum , resemble Ecclinusa in habit, and may indeed be related 
to that genus. 

Nearly 1000 herbarium sheets have been used in this study. I wish to 
thank the curators of the various herbaria from which specimens were made 
available. A list of these, together with the abbreviations used for them in 
citing specimens is appended. In general, all specimens from the larger her¬ 
baria are cited, except those, particularly of the more common species, with 
incomplete data. 

A—Arnold Arboretum, Harvard University, Jamaica Plain, Mass. 

BG—Department of Agriculture, British Guiana. 

C—University of California, Berkeley. 

V —Chicago Natural History Museum ( Pield Museum'), Chicago, III. 

G—Gray Herbarium, Harvard University, Cambridge, Mass. 

K—Royal Botanical Gardens, Kew, England. 

Midi —University of Michigan, Ann Arbor. 

MO— Missouri Botanical Garden, St. Louis. 

NA - United States National Arboretum, Beltsville, Md. 

NY—New York Botanical Garden. 

P—Museum d’Histoire Naturelle, Paris. 

8—Botanical Museum of Stockholm. 

US—United States National Herbarium, Washington, D. C. 

V— Servieio Botanico, Ministerio de Agricultura, Caracas, Venezuela. 

Herbaria del Institute Miguel Lillo, Univorsidad Nacional de Tueum&n, 

Argentina. 

Institute de Botanica Darwinian, Buenos Aires, Argentina. 

Jardin Botanico, Asuncion, Paraguay. 

Museo Argentine de Cieneias Nat males, Buenos Aires, Argentina. 

The following generic description is drawn solely from American plants, 
but will of course apply in large part to the genus as a whole. 

Chrysophyllum L. Sp. PI. 192. 1753. 

Trees or shrubs with milky juice; leaves simple, alternate, entire or 
rarely toothed, glabrous or more or less hairy, often sericeous beneath, the 
hairs malphighiaceous, or stalked and bifurcate; venation various, most 
commonly with the larger secondary lateral veins trending parallel to the 
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primary ones, the areolae with the long axis parallel to the primary lateral 
veins, but sometimes irregularly reticulate, as in many species of Pouteria, 
or closely striate, as in Micropholis , or with prominent secondary veins at 
right angles to the primary ones, as in Ecclinusa; stipules wanting; flowers 
most commonly in axillary clusters, sometimes at defoliated nodes, 5-merous, 
or casually 4-6-merous as to sepals, petals, and stamens; sympetalous; sta¬ 
mens as many as the corolla-lobes and opposite them, epipetalous ; staruinodes 
wanting, or rarely a few casual and irregularly developed vestiges; ovary 
with 5 carpels and as many locules, or occasionally with only 4 or as many 
as 12 carpels and locules; ovules solitary in each locule, attached laterally or 
basilaterally to the axial placenta; style short, columnar, with obscurely to 
evidently lobed capitate stigma; fruit fleshy, often edible; seeds solitary or 
several, with large basilateral or long, narrow or broad lateral scar, this 
sometimes extending less than half way to the middle, but then very broad; 
endosperm well developed; embryo with thin cotyledons and well developed 
caudicle. 

Type species: C. cainito L. 

KEY TO THE SPECIES 

1. Anthers glabrous; filaments variously attached. 

2. Filaments attached at or below the middle of the corolla-tube; seed 
scar linear or linear-elliptic, not over about 4 nun. wide, except 
perhaps in C. cuneifolium , whose mature seed is unknown to me. 

3, Corolla-lobes about 0.6-0.9 mm. long, truncate, fringed-ciliolate; 
fruit several-seeded, about 5 cm. thick; seed-scar linear-elliptic, 
about 4 mm. wide. 1. C. c.rcclsinn. 

3. Corolla-lobes about 1.5-3 mm. long, neither truncate nor fringed 
ciliolate; fruit various; seed-scar, where known, narrower, seldom 
over 2 mm. wide. 

4. Leaves entire; filaments straight or nearly so. 

5. Primary lateral veins mostly well distinguished from the larger 
secondary ones, the leaf not at all striate; ovary hairy above 
as well as below. 

6. Flowers numerous in clusters on old wood or on defoliated 
portions of twigs, the pedicels, except in C. aulacocarpum , 
mostly 6-10 mm. long; secondary lateral veins, except per¬ 
haps in C. aulococarpum (where unknown to me), sinuous, 
nearly parallel, trending obliquely between or nearly at 
right angles to the primary ones, the tertiary veins tending 
to be perpendicular to the secondary ones, though sometimes 
obscure; Amazon basin and northward. 

7. Flowers ‘‘ subsessile 9 ’; fruit ellipsoid, 6 cm. long, 3 cm. 
thick, single seeded; leaves glabrous; petioles 2-3 cm. 
long. 2. C, aulacocarpum. 

7. Flowers on pedicels 6-10 mm. long; fruit globose to de- 
pressed-obovoid, as thick as long, several seeded; leaves 
and petioles various. 

8. Petioles about 20-35 mm. long; leaves rufous-sericeous 
beneath, eventually glabrate; primary lateral veins 
mostly 6-12 pair. 3. C. prieurii. 

8. Petioles about 2-8 mm. long; leaves glabrous, or coarsely 
strigose on the midrib and main veins beneath; primary 
lateral veins mostly 12-20 pair. 4. C. cuneifolium. 
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6. Flowers 1-6 in the axils or at recently defoliated nodes, the 
pedicels about 5 mm. long or less; secondary and tertiary 
lateral veins forming an irregular reticulum; Ceara to Uru¬ 
guay, northern Argentina, and southern Bolivia, 5. C. gonocarpnm . 

5. Primary lateral veins not sliarply separable from the larger 
secondary ones, which are parallel to them, the leaf thus 
appearing somewhat striate, though also reticulate with evi¬ 
dent short cross-veins; ovary densely and conspicuously pilose 
at the base, otherwise glabrous. 6. C. viride . 

4. Leaves irregularly spinulose-serrate; filaments with a conspicuous 

double fold near or above the middle. 7. C. imperuilc. 

2. Filaments attached at the corolla throat; seed-scar various, 

3. Corolla tubular, the lobes about one-fifth to one-half as long as the 
tube; Amazon drainage and northward. 

4. Corolla evidently sericeous. 

r>. Pubescence of the young twigs and lower leaf surfaces loosely 

spreading; flowers essentially sessile; Peru. 8. C. rrvolutum . 

5. Pubescence strictly appresesd; flowers evidently pedicellate, 
though sometimes shortly so; general distribution. 

6. Leaves merely rufous-strigose beneath when young, later 
glabrate; hairs of the corolla rufous; primary lateral veins 
straight or nearly so; leaves 1.5-5 cm. wide. 9. C. nitidum . 

6. Leaves distinctly sericeous at least when young, sometimes 
later glabrate; leaves commonly 3.5-11 cm wide, the pri¬ 
mary lateral veins usually but not always more or less 
arcuate toward the margins. 

7. Pubescence of the leaves gray or white from the first, 
sooner or later deciduous; pubescence of the corolla white 
or merely a little yellowish; northeastern Venezuela, north 
through the West Indies. 30. C. ar/jmtrum. 

7. Pubescence of the leaves conspicuously yellow or rufous 
when young, eventually fading, sometimes finally decidu¬ 
ous; pubescence of the corolla rufous; generally dis¬ 
tributed in northern South America; not in the West 
Indies. 11. C. auratum. 

4. Corolla glabrous. 

5. Pedicels, young twigs, and young leaves merely strigose; peti¬ 
oles 3-9 mm. long. 

6. Pubescence rufous at first, later fading; corolla about 5-0 

mm. long; Venezuela, and Colombia. 12. C. parvulum . 

6. Pubescence white, not at all rufous; corolla 4 nun. long or 

less; Han Martin, Peru. 13. C, albipilum. 

5. Pedicels, young twigs, and young leaves evidently spreading- 
hairy, the hairs rufous; petioles 2-3 mm. loug; Acre Territory 
and adjacent Amazonas, Brazil. 14. C. tier* an urn. 

3. Corolla campainflate to subrotate, the lobes mostly equaling or 
exceeding the tube (barely shorter in C. paronii; also shorter in 
(\ dusenii , but even then more than half as long as the tube, and 
the creases extending farther down on the outside) ; general distri¬ 
bution. 

4. Petioles about 2-3.5 cm. long; secondary lateral veins conspicu¬ 
ous, somewhat sinuous, trending obliquely between or at right 
angles to the primary ones, and sharply distinguished from 
them; tertiary lateral veins mostly perpendicular to the secon¬ 
dary ones, or obscure. 3. C. pricuriu 
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4. Petioles about 1 cm. long ot* less; venation various, but not as 
above. 

5. Leaves closely and conspicuously striate, the veins averaging 

about 0.5 mm. apart; northern Peru. 15. C. granalemc . 

5. Leaves weakly, scarcely, or not at all striate, the veins only 
1-2 mm, apart in C. marginatum , more distant in the other 
species. 

6. Leaves loosely hairy or nearly glabrous at flowering time, not 
at all sericeous. 

7. Corolla, about 3.5-5 nun. long, the lobes distinctly shorter 
than the tube, as measured from the inside; creases for 
the corolla-lobes extending about 0.4-0.8 mm. farther on 
the outside than on the inside, because the lobes are joined 
within by a thin cylinder of tissue; pedicels 5-31 mm. 
long. 16. C. dusenii. 

7. Corolla about 1.7-3.0 mm. long, the lobes equaling or 
exceeding the tube, about the same length inside as out; 
pedicels up to 4 mm. or rarely 6 nun. long. 

8. Seed-scar basilateral, broad, extending two thirds the 
length of the seed, or usually loss; primary lateral veins 
rather weak, straight or nearly so, either crowded and 
only 1-2 mm. apart, making the leaf appear weakly 
striate, or more distant but with the secondary veins 
weak and mostly trending parallel to them. 

0. Fruit 5-10 (rarely 13) mm. long; seed-scar scarcely 
extending to the middle of the seed; leaves tending 
to be weakly striate, varying from rounded or even 
retuse to acute at the apex, not acuminate. 3 7. C. marginatum. 

9. Fruit about 35-20 mm. long; seed-scar about two- 
thirds as long as the seed; leaves acuminate, not at 
all striate. 18. C. ovale. 

8. Heed-scar linear, lateral, extending the length of the 
seed; primary lateral veins strong, not at all crowded, 
the leaf not striate; secondary lateral veins forming a 
coarse and conspicuous irregular reticulum. 19. C. lucenti folium. 

6. Leaves sericeous or sericeous-tomcntose beneath with op¬ 
pressed reddish hairs at flowering time, sometimes eventu¬ 
ally glabrate. 

7. Htigma evidently 7-12-lobed; pedicels about 5-15 mm. 
long; fruit 3 cm. (hick or generally more, several-seeded; 
seed-scar lateral, extending nearly the whole length of the 
seed, very broad; Colombia to Surinam, and northward. 

20. C. cainito. 

7. Htigma obscurely 5-7-lobed; pedicels about 3-3 mm. long; 
fruit, where known, smaller, less than 2 cm. thick; seeds, 
where known, with basilateral scar extending only to the 
middle. 

8. Corolla-lobes about twice as long as the tube, or longer; 
filaments slender, dexuous or variously contorted; 

French Guiana and eastern Brazil. 

9. Primary lateral veins arcuate; secondary lateral veinR 
loosely reticulate, the stronger ones mostly trending 
at right angles to the primary veins; leaves broadest 
above the middle; fruit and seed unknown; French 
Guiana. 21. C . cochlcarium. 
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9. Primary lateral veins straight, bifurcate near the mar¬ 
gins; secondary lateral veins trending nearly parallel 
to the primary ones, the larger ones not always 
sharply separable from them; leaves broadest about 
at or below the middle; Ceara and Bahia, Brazil. 22. C. rufnm. 
8. Corolla-lobes scarcely equaling the tube; filaments stout, 

straight; Peru. 23. C. pavonii. 

1. Anthers villous; filaments attached about at the middle of the corolla- 
tube, or lower. 

2. Leaves spreading-hairy beneath. 24. C. januariense . 

2. Leaves appressed-hairy or glabrous beneath. 

3. Pedicels about 2-3 mm. long; filaments free from the corolla-tube, 

or nearly so; British Guiana, and Para, Brazil. 25. C. sparsiflorum. 

3. Pedicels about 5-25 mm. long, except, in C. arenarium; filaments dis¬ 
tinctly attached to the corolla-tube; eastern and southern Brazil, 
not in the Amazon basin. 

4. Leaves permanently and densely sericeous or sericeons-tomentose 
beneath with strongly rufous hairs. 

5. Pubescence rich purplish red; pedicels 15-25 mm. long; leaves 

about 4-11 cm. long. 26. C. pulchcrrimum. 

5. Pubescence merely coppery rufous; pedicels about 7-13 mm. 

long; leaves about 10-30 cm. long. 27. C. splendent. 

4. Leaves glabrous or finely strigose or sericeous-strigose with whit¬ 
ish hairs beneath, at flowering time, sooner or later glabrate. 

5. Leaves about 1.5-6 cm. long, the secondary lateral veins ob¬ 
scure; pubescence of the pedicels and young leaves strongly 
rufous; pedicels about 2-6 mm. long; corolla only about 2 mm. 
long. 28. C. arenarium. 

5. Leaves about 4-40 cm. long, the secondary lateral veins evident; 
pubescence of the leaves ami pedicels white or yellowish, rarely 
a little rufous in (\ flr.ruo.sum; pedicels about 5-16 nan. long; 
corolla about 3-7 mm. long. 

6. Secondary lateral veins mostly parallel to the primary ones 
and not sharply separable from them, the lateral veins thus 
appearing crowded, about 1-3 mm. apart; hairs of the lower 
leaf surfaces very short and closely oppressed, about 0.1 -0.3 
mm. long. 29. f. inoniatum. 

6. Secondary lateral veins mostly few and loosely reticulate, the 
primary ones more widely spaced and readily identifiable, 
about 5-15 nun. apart; hairs longer and merely loosely 
oppressed, about 0.3-0.0 nun. long. 30. C. flexuasum. 

1. CiiRYSOPii yllum expelspm Huber, Bol. Mus. Para 3: 55. 1902. 

Rather large tree; terminal bud sericeons-tomentose with rufous hairs, 
the leaves probably similarly hairy at first, but very soon glabrate, the blade 
elliptic or elliptic-obovate, 10-30 cm. long and 5-12 cm. wide, rounded to 
aoutish at the apex; primary lateral veins well-spaced, arcuate; secondary 
veins fairly regular, becoming perpendicular to the primary ones near the 
margin; tertiary veins forming a more or less evident reticulum; petioles 
about 2-4 cm. long; flowers in clusters of about 3-10 at defoliated nodes or 
in the axils, the pedicels strigose, about 5 mm. long; sepals reniform-orbicu- 
lar, sericeous-strigose, about 2.9-3.3 mm. long; corolla about 3.8-4.3 mm. 
long, the lobes broadly oblong, subtruneate, fringed-eiliolate, about 0.6--0.9 
mm. long, the creases showing a little farther down the tube on the outside; 
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filaments attached at or below the middle of the tube, their traces commonly 
visible to the base; anthers mucronate, about 0.8 mm. long; ovary densely 
pilose; style glabrous, tapering-columnar, about 2.5 mm. long, nearly lobe¬ 
less ; fruit globose, yellow, about 5 cm. thick; seeds 5 or sometimes fewer, 
ovate-oblong, about 25 mm. long, 14 mm. wide, and 7 mm. thick, the scar 
linear-elliptic, about 4 mm. wide, extending nearly the whole length of the 
seed. 

Type.- Specimens collected from a cultivated tree in Para, Brazil. 

Local names: Sorba do Peru, guajara. 

Distribution: Upper Amazon basin, Brazil, to northern Venezuela; pre¬ 
sumably also in Peru. 

Brazil: Far&: Duckc 60£, Belem do Para (cult.) (MO, US) ; Ditcke ViSOJ!, BeW?m 
do Para (cult.) (K, S, US); Huber 3016, Belem do Par& (cult.) (US.). Amazonas: 
Jxuhlmann £1991, Altamira (NY, US). Venezckla: Federal District: fit tier UioOO, 
ElLimdn (F, US). 

2. Ohkysophyllum aulacocarpum Ernst, Flora 57: 214. 1874. 

Tree; young twigs slightly rufous-hairv; leaves crowded at the ends of 
the branches, glabrous, oblong-ova) to obovate-oblong, tapering from the 
middle to the base, about 16-24 cm. long and 9-11 cm. wide; primary lateral 
veins about 11-14 pair; secondary veins reticulate; petioles about 2-3 cm. 
long; flowers numerous in clusters at defoliated nodes, subsessile and glomer¬ 
ate; calyx and corolla 4-5-lobed, rufous-sericcous, the corolla about fr~7 mm. 
across; filaments inserted on the corolla-tube; ovary conic, pentagonal, 
5-locular; style short, glabrous; stigma-lobes obscure; fruit ellipsoid, about 
6 cm. long and 3 cm. thick, edible, single-seeded; seed ovoid, blackish, shin¬ 
ing, about 3 cm. long; seed-scar linear, extending from the base to the apex. 

Type: Fermin Toro s,n,, Los Teques, Venezuela. 

Local name: Chupon. 

Distribution: Known only from the type collection, Los Teques, Miranda, 
Venezuela. 

The description for this species is taken from the original; I have seen 
no specimens. It is conceivable that it is eon specific with the later C, exedsum 
Huber, but it seems likely that if it had the characteristic short, truncate, 
fringed-ciliolate corolla-lobes of that species, that feature would have been 
noted by Ernst, who gave a fairly complete description. The difference in 
shape and number of seeds of the fruit, although yet to be proved constant, 
also suggests that this species is distinct. It should be noted that the Fit tier 
collection of C. excelsum from Venezuela was taken not far from the type 
locality of C. aulacocarpum . The herbarium specimens are sterile, but bear 
the collector’s note, fruit apple-shaped, yellow. Until further evidence is 
available, I prefer to retain both names. 

3. Chrysophyllum prieurit A. DC. Prodr. 8: 161. 1844. 

C. eyanogenum Duckc, Trop. Woods 71: 18. 1942. 

Large tree sometimes 45 m. tall, pervaded with hydrocyanic acid; twigs 
coarse, sericeous, the hairs at first rufous, soon fading; leaves clustered 
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toward the ends* of the twigs, obovate, rounded to abruptly sliort-acumiriate, 
about 10-17 cm. long and 5-8 cm. wide, glabrous above, finely and closely 
rufous-sericeous beneath, blit the hairs eventually deciduous and sometimes 
fading before falling; primary lateral veins mostly 6-12 pair, well-spaced, 
arcuate; secondary lateral veins somewhat sinuous, nearly parallel and 
extending obliquely between or nearly at right angles to the primary veins; 
tertiary lateral veins perpendicular to the secondary ones, or obscure; peti¬ 
oles 2-3.5 cm. long; flowers numerous in dense clusters on the twigs below 
the leaves, the pedicels rufous-sericeous, 6-10 mm. long, elongating in fruit; 
sepals rufous-sericeous like the pedicels, rounded, the inner conspicuously 
fringed-ciliolate, about 2-3 mm. long; corolla about 3.4-4.2 mm. long, gla¬ 
brous, the lobes reputedly equaling the tube, but in specimens available to 
me about 3-4 times as long as the tube; filaments reputedly inserted at the 
middle of the tube, but in specimens available to me inserted at the level 
of the sinuses, or the stamens sometimes abortive; ovary 5-locular, pubescent 
with short sub-appressed rufous hairs; style about 0.7 mm. long, hairy below; 
stigma-lobes 5; fruit yellow, spherical, 3-5 cm. thick, several-seeded, reput¬ 
edly edible; seeds 15-30 mm. long, 10-15 mm. wide, and 4-7 mm. thick, with 
a linear scar extending nearly to the summit; endosperm copious. 

Type: LePrieur 1»7\ Cayenne, French Guiana (NY—photo). 

Local names: Palo de cuvure (Venezuela); Caran (Colombia); Abiurana 
(Amazonas, Brazil). 

Distribution : French Guiana to Colombia and Amazonas, Brazil. 

Colombia: Burma: Law nee 130 miles north of Bogota (K). Venezuela : 
Amazonas: Wiliams San Carlos do Rio Negro (VS). Surinam: B.W. S7H2 t Gonini 

River (K), ,17$ t (VS;. French Guiana: Mrlinnn s.n. ( F, K, P, VS); Mclinon J1S , 
Moroni (K). Brazil: Amazonas: Uuckt $],j % Manaus (MO); From 1J, Manaus (Herb. 
B. A. Krukoff). 

The only flowers of this species available to me for dissection were from 
an isotvpe of C. vyttnoynutm Durke, and these differ in certain particulars, 
as noted above, from l)ueke\s description. My description of the fruit is 
taken from that given by Dueke. 

4. Chrysophvllvm ctneifolivm (Budge) A. DC. Prodr. 8: 160. 1844. 

Bumclia eum ifoha Budge, PI. Gui. 1: 30. pi. 47. 1805. 

Tree; leaves cMineate-oblanceolate. mostly abruptly acuminate, tapering 
gradually to the base, about 10-25 cm. long and 3.5-8 cm. wide, glabrous, or 
coarsely strigose on the midrib and main veins beneath, subsessile, the peti¬ 
oles only 2-8 mm. long; primary lateral veins well spaced, arching near the 
margins, about 12-20 pair; secondary lateral veins fairly regular and nearly 
parallel, somewhat sinuous, trending nearly at right angles to the primary 
ones; tertiary veins tending to be perpendicular to the secondary ones; 
flowers numerous in clusters on old wood, the pedicels about 1 cm. long; 
sepals about 2.0-2.7 mm. long, conspicuously fringed-eiliate, especially the 
inner; corolla about 4 mm. long, the lobes three times as long as the tube; 
filaments attached near the base of the corolla-tube, or half-way up to the 
sinuses; ovary shortly appressed-hairv; style about 0.5 mm. long; stigma- 
lobes 5; fruit several-seeded, narrowly &ulcate between the seeds, up to 4 cm. 
long or perhaps more, obovoid or depressed-obovoid. 
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Type: Plants collected in French Guiana (near Cayenne, according to 
Alphonse DeCandolle), by an unspecified collector, presumably now de¬ 
posited at the British Museum. 

Distribution: French and Dutch Guiana. 

Surinam: B.W. 1505 (K, US), 1586 (K), 2033 (K), 3930 (K, S), 43S4 (US), 
5479 (S, US) ; Von Halt 89a (K, Mich, S, US). 

5. Chrysophyllum gonocarpum (Mart. & Eichl.) Engl. Bot, Jahrb. 12: 
523. 1890. 

Rapota gonocarpa Mart. & Eichl. ox Miq. in Mart. FI. Bras. 7: <10. 1863, 

Chrysophyllum cysnciri Freire-Allem. Trab. Comm. Sci. Expl. Bras. Bot. GO. pi. IS. 
1866. 

C. cc arm sc Freire-Allem. op. cit. 72. pL 21. 

C. ohUmfolivm Freire-Allem. op. cit. 74. pi. 23. 

C. per si cast rum Eichl. Kjoeb. Yidonsk. Meddcl. 1870: 208. 1871. 

C. lucumifolium Griseb. Goott. Abh. 24: 223. 1879. 

8idero.rylon rcticulalum Britton, Ann. N. Y. Acad. Sci. 7: 156. 1893. 

Chrysophyllum lucumifolium f. obtusalum Chod. & TIass. Bull. Herb. Boiss. II. 7: 
675. 1907. 

Sideroxylon bolivianum Rugby, Mom. N. Y. Bot. Gard. 7: 319. 1927. 

Small tree about 4-12 m. tall; leaves rather loosely sericeous-tomentose 
with white or slightly rufous hairs when young, soon glabrate, elliptic- 
oblanceolate to occasionally narrowly elliptic or narrowly obovate, broadly 
obtuse or rounded to occasionally aentish at the apex, mostly 7-18 cm. long 
and 2-6 cm. wide, often some of them smaller; venation pouterioid, with 
raised, arching j)rimary lateral veins and a well-developed rather irregular 
raided reticulum of secondary and tertiary lateral veins; petioles up to 
about 2 cm. long; flowers about 1-6 in the axils or at recently defoliated 
nodes, subsessile or on pedicels up to about 5 mm. long, perfect or reputedly 
sometimes unisexual; sepals thin, light green, rounded, finely serieeous- 
strigose or subglabrous, about 2.2 3.3 mm. long; corolla about 3.2-3.8 mm. 
long, the lobes 1.5-2.] mm.; anthers about 1.1-1.3 mm. long; filaments 
attached at the base of the corolla-tube, or occasionally joined to it part way 
up; ovary very densely pilose, the style glabrous, about 1.7- 2.0 mm. long, 
lobeless; fruit yellow, with rather thin sweet edible pulp, 1-5-seeded, suleate 
between the seeds, mostly 12-25 mm. (rarely 40 mm.) long; seeds com¬ 
pressed, obliquely obovate, $bout 10-18 (rarely 30) mm. long; seed-sear 
linear, about 1-2 mm. wide, extending nearly the whole length of tin* seed. 

Type: Th. Peckolt s.v., “prope Canta Gallo, prov. Rio de Janeiro,” 
Brazil. 

Local names: Aguay, aguaja (Argentina and Paraguay); Oito bravo 
(Ceara); Peroba bianco (Rio de Janeiro); Pecigo do mato (Minas Geraes). 

Distribution: Ceara, Brazil, southwest to Paraguay, Uruguay, northern 
Argentina, and southern Bolivia. 

Brazil*. Minas Geraes: Glaziou 19610 (K) ; Regnrll 1509, near Caldns (K); Warm¬ 
ing s.n. (NY); Widgren s.n. (S). Iiio de Janeiro: Glaziou 11143 (K), 11114 (C—photo, 
G—photo, K, NY—photo). Sao Paulo: Mourn 3956 , inter Campinas et Vallinhos (S) ; 
Mosen 4241 (8); Regnell 1599 (8, ITS). Parana: Duscn 10741 (8), 11160 (8); J)uscn 
11251, Theresina (8); Dusdn 17009 (8) ; JJuson 17873, Rio Capinqual (8). Santa Catlia- 
rina: Dusen 11810, Rio Uruguay (8). Rio Grande do Sul: Leitc 1054 (G) ; Malm a 856, 
Porto Alegro (8). Bolivia: La Paz: Rushy 691, near Huachi, head of Beni River (NY); 
Steiubach 7240, Sara, Rio Surutu (8). Paraguay: Balansa 2380 (K), 2301 (K), 4649 
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(F); Fiebrig 458 (A, F, K), 4284 (O, K) ; Hassle,■ 3759 (S), 3638 (F, K), 7773 (A, 
F, K), 11516 (A), 13383 (A, G, MO, K, US); Jorgensen 3759 (A, G, MO), 3762 (F, G. 
PA, US); Lind man A 170,1, Asuncion (S); Malmc 994B, near Bio Apa (S); Morong 839 
(F, K, NY) ; Oaten 9081. Han Bernardino (S). UuuauAY: Verier 1606 (C, F, G, MO) ; 
Lorentz 299 (G —photo, NY —photo); Oaten 17998 (US). Argentina: Salta: Eyerdam 
Sr Beetle 22742 (C, G, MO), 22781 (0, G, MO); Lorentz $ Hieronymus 525 (K, NY. S); 
Rodriguez 1024 (F, NY); Schreiter 11496 (C'l, G, NY); Venturi 5567 (A, C, MO, K, 
8, US), 7983 (US). Chaco: Jorgensen 2149 (G, MOi. Misiones: Rodriguez 373 (G, US). 

6. Chrysopiiyllum viride Mart. & Eieli). ex Miq. in Mart. PI. Bras. 7: 
102. 1863. 

Fibroccntrum fjlaswvimmm Pierre, Mom. Bot. Koc. Fr. 3: 441. 1910. Ilyponym. 

fChryaophyUum pvrfidum Froire-Allem. Tral». Comm. 8H. Expl. Bot. Rio do Janeiro 
1: 68. 1866. 

Large tree; leaves oblaneeolate or narrowly elliptic, commonly abruptly 
short-acuminate, sometimes merely aeutish or even rounded, about 5-11 cm. 
long and 15-40 nun. wide, strigose or sericeous-strigose when young, glabra te 
at maturity, borne on petioles up to 1.5 cm. long; primary lateral veins 
generally more than 20 pair, not sharply separable from the larger secondary 
veins, which are parallel to them, the leaf thus appearing striate, but also 
reticulate with evident cross-veins; flowers several in the axils or at recently 
defoliated nodes, the pedicels strigose or subglabrous, 4-10 mm. long; sepals 
rotund, slightly strigose, about 1.7-2.5 mm. long; corolla, about 3.0-0.4 mm. 
long, the lobes a little longer than the tube, reniform-ovate, the tube moder¬ 
ately yellowish-sericeous; filaments attached at or below the middle of the 
tube, the anthers about 1.1-1.2 mm. long, or in some flowers the anthers 
wanting and the filaments minute; ovary densely and conspicuously pilose 
at the base, otherwise glabrous, the style short or obsolete; ovules 5, or in 
some flowers the ovary more slender or reduced and the ovules wanting; 
perfect flowers not seen by me, but reputed to exist; fruit ellipsoid-globose, 
yellow, edible, about 1.5-2.5 cm. thick and up to 4 cm. Jong; seeds 1-3, some¬ 
what compressed, about 1 cm. wide and 1.5-3 cm. long; seed-sear linear, less 
than 2 mm. wide, extending the length of the seed; endosperm well devel¬ 
oped; embryo with thin cotyledons and evident caudiele. 

Type.* ficlnich s.n. t eastern Brazil (NY — photo). 

Distribution: Bio de Janeiro, Santa Catharina, and Parana, Brazil, 
possibly exlending as far north as Oeara. 

Brazil: Rio do Janeiro: (Uarioti hs.iui (G—photo, NY). Santa Catharina: liciiz 
C-JJe (G). Parana: I hi urn 7 7.'W, Volta Grande (S), 7~7,>o, Desvio Ypiranga (S), 17S4d t 
Ta<airchv (S). 

Chrysophylhnn pvrfidum Freire-Allem., from (Vara, is probably con- 
specific with C. viridv, but differs, according to the original description and 
figure, in its depressed-globose rather thau ellipsoid-globose fruit, with a 
pronounced areola at the tip, and in its thicker cotyledons and rather scanty 
endosperm. Alleniao reports that it is locally known as goorana. 

7. Ohrysophyllum imperial*: (Linden) Benth. & Hook. Gen. PI. 2: 653. 
1876. 

Theophrasfa imperials Linden ex Koeh & Fint, Woehensehr. 2: 91. 1859. 

MartiusicUa im peri alls Pierre, Not. Bot. Sapot. 66. 1891, 
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Small tree with very coarse twigs; leaves euncate-oblanceolate, obtuse, 
rounded at the base, irregularly spinulose-serrate, about .15-75 em. long* and 
5-25 cm. wide in specimens seen, but reputedly up to a meter or more Jong, 
loosely grayish-hirsutulous beneath when young, later glabrate, firm, the 
midrib coarse and strongly raised beneath; primary lateral veins about 
20-50 pair, strongly raised beneath, arcuate toward the margins; secondary 
and tertiary lateral veins forming a coarse and irregular reticulum, or the 
secondary veins sometimes perpendicular to the primary ones; petioles about 
2-2.5 cm. long; flowers several or numerous in the axils or at defoliated 
nodes, the pedicels closely hairy, about 5-6 mm. long; sepals rounded, seri- 
ceous-tomentose, about 3-4 mm. long; corolla about 4-4.5 mm. long, the 
rounded-ovate lobes rufous-strigose, equaling or a little exceeding the gla¬ 
brous tube; minute staminodes sometimes irregularly developed; filaments 
attached near the base of the corolla-tube, with a conspicuous and persistent 
double fold near or above the middle; anthers about 1.1-1.5 mm. long; ovary 
5-locular, short-hairy, tapering to the summit, the style obsolete, the stigma- 
lobes obscure; fruit several-seeded, broadly ovoid or subglobose, about 2.5- 
3.5 cm. long and nearly or quite as thick, tapering to the apex; seeds strongly 
compressed, about 18-25 mm. long, 13-16 mm. wide, and 6-9 mm. thick; 
seed-scar linear, 2 mm. wide or less, extending the length of the seed; endo¬ 
sperm copious; embryo with thin cotyledons and well-developed caudicle. 

Type: Specimens raised from seeds brought from Brazil by Linden. 

Local name: Marmelleiro do matto. 

Distribution: Rio de Janeiro, Brazil. 

Brazil: Bio de Janeiro: (Ha;lou 6230 (A. F, K, Si, 66.13, Berra do Estroilo (K). 
11163 (K); 7745 (K), 20402 (K ). 

The double bend in the filaments of Chrysophyllum impvriale is reminis¬ 
cent of Pradosia, but in that genus the folded portion is distal and abruptly 
tenuous, and straightens out as the flower matures, while in (\ imperialc the 
fold is near or a little above the middle, and persistent, and the filament is 
of about the same texture throughout. 

8. Ohrysopuyllum revolutum Mart. & Eiehl. ex Miq. in Mart. FI. Bras. 
7: 104. 1863. 

Young twigs densely pubescent with loose short rufous hairs; leaves firm, 
with revolute margins, elliptic-oblong, 4-9 mm. long, 1.5-4.5 cm. wide, 
loosely rufous-hirsute on both sides when young, soon glabrate above, and 
perhaps eventually so beneath; primary lateral veins about 12-15 pair, 
rather irregularly spaced, bifurcate or arcuate toward the margins; secon¬ 
dary lateral veins few and mostly obscure, trending parallel to the primary 
ones; petioles about 3-4 mm. long; flowers clustered in the axils or at recently 
defoliated nodes, essentially sessile; sepals thick and firm, ovate, acute, 
rufous-hairy, about 1.5 mm. long; corolla about 5 mm. long, densely rufous- 
sericeous except near the base and at the tips of the lobes, the. lobes about 
one-fourth as long as the tube; filaments short, attached at the level of the 
sinuses; anthers 0.4-0.5 mm. long; ovary densely rufous-hairy, 5-locular, 
the style glabrous, about 0.5 mm. long; fruit blackish, insipid, subsessile, 
ellipsoid-globose, about 12 mm. long, single-seeded; seed-scar basilateral, 
very broad, extending about two thirds of the way to the top. 



1»4«] 


CRONQUIST: ('HRYSOI'M YLLUM 


297 


Type: Spruce 4260 , “prope Tarapota, Peruvia orientalis,” 1855 (P, 
G, K). 

Distribution: Known only from the type locality, in Loreto, Peru. 

Pbri;: Loreto: Vie near Tarapoto, 11*02 (K). 

9. CHRYSoPii yllijm NiTioi M G. F. W. Mey. Prim. FI. Esseq. 116. 1818. 

C. ptiilophyllum A. I)(\ Prodr. 8: 160. ]844. 

Large tree; young? twig?s slender, rufous-strigrose or -sericeous; leaves 
elliptic or elliptic-lanceolate, acuminate, about 5-12 cm. long? and 1.5-5 cm. 
wide, glabrous and shining above, rufous-strigrose beneath when young?, later 
grlabrate; primary lateral veins straight or slightly curved, rather weak, 
about 8-13 pair; secondary lateral veins few, mostly trending? parallel to the 
primary ones; petioles about 5-9 mm. long?; flowers several in the axils, the 
pedicels rufous-sericeous, about 2-6 mm. long?; sepals rounded, rufous-seri¬ 
ceous, about 1.3-1.5 mm. long?; corolla about 4-5.5 mm. long?, the lobes about 
one-third to one-fifth as long? as the rufous-sericeous tube; filaments minute, 
attached at the level of the sinuses; anthers about 0.4 mm. long?; ovary 5-locu- 
lar, appressed-hairy. tapering? to the grlabrous style which is less than 1 mm. 
Jong?; fruit unknown. 

Type: None griven, but stated to grrow “in svlvis continentis,“ presuma¬ 
bly near the mouth of the Essequibo River, in British Guiana. 

Local name: Kokeritiballi (British Guiana). 

Distribution: French Guiana to Colombia. 

('olomiua: M litis JU'i (TS>. Hkitish (iiiANA: “ 7>. ” Uin. Siinuui Greek, Rupummi 
Riser < IJ<» ) ; FiiHxhtnrt Mnznnnii River (NV). Frkncii Guana: Marlin £55 (F, G. 

K, XV, PS) ; r<nhait s.n. ( F) ; Sopot S15 (F, K, P, S). 

10. Chrysophylij'm aroentefm Jacq. Enum. PI. Farit). 15. 1760. 

(\ f/lal/nnn .1 ;i<*<j. Krniin. PI. ( f ;mh. 15. 1 7GO. 

(\ rnn nlrnm .Ijhmj. Ntirp. Am. 5‘J. en. 17SO. 

inniursmn Vvh, Rep. Kp. Nov. 15: 414. 1919. 

Tree or shrub, sometimes as much as 30 m. tall; leaves ellipti<* to oblongr- 
elliptic or occasionally ovate, of various sizes up to about 20 cm. long? and 
8 cm. wide, rounded to acutish or abruptly acuminate at the apex, grlabrous 
above, thinly sericeous at first with whitish hairs beneath, sooner or later 
grlabrate; primary lateral veins well-spaced, usually arcuate toward the 
margrins; secondary lateral veins grenerally trending? about parallel to the 
primary ones, the long? axis of the areolae parallel to the primary veins; 
flowers clustered in the axils or at recently defoliated nodes, the pedicels 
mostly 4-13 mm. long?: sepals'about 1.5-2.5 mm. long?, sericeous with fine 
pale or sligrhtlv reddish hairs; corolla about 4-6 mm. long?, sericeous to near 
the base with fine white or somewhat yellowish hairs, the tips and margrins 
of the lobes smooth, the lobes about one-third to one-half as long? as the tube; 
filaments inserted at the level of the sinuses, with more or less evident traces; 
anthers 0.4-0.8 mm. long?; stigrma with 5-9 evident to obscure lobes; fruit 
dark red or purple to blue or nearly black, ellipsoid or occasionally sub- 
g?lobose, mostly 1.5-2 cm. long?, occasionally only 1 cm. long?’, singrle-seeded; 
seed-sear basilateral, broad, commonly extending? to near the middle. 

Type : None griven; from Martinique, according? to Index Kewensis. 
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Distribution: General throughout the West Indies from Oriente, Cuba, 
to Trinidad, and in Sucre, Venezuela. 

Trinidad: Britton $ Britton 2217 (G, NY, US); Dormouse 8217, (NY); Hart 5487 
(8); Sieber 871 (MO). Tobago: Broadway 8991 (A, G, MO, NY, S, US), 4411 (NY, 
TT8) ; Sandwith 1881 (NY). Venezuela: Sucre: Broadway Ido, near Cristobal Colon 
(G, K, NY, US); Broadway 714, near Cristobal Colon (G, NY, US). 

11. Chbysophyllum aubatum Miq. in Mart. FJ. Bras. 7: 97. 1863. 

G. sericevm A. 1)0. Prodr. 8: 158. 1844; not Salisb. 1796. 

C. auratum var. majus Miq. in Mart. PI. BraR. 7: 98. 1803. 

Shrub or tree sometimes as much as 35 m. tall; leaves elliptic, elliptic- 
oblong, or elliptie-obovate, about 7-23 cm. long and 3.5-11 cm. wide, rounded 
or abruptly acuminate at the apex, glabrous above, closely sericeous beneath 
with a shining sometimes eventually deciduous rufous pubescence that turns 
pale in age; primary lateral veins mostly well-spaced and arching; secon¬ 
dary lateral veins few, scarcely or not at all visible above, not very promi¬ 
nent beneath; petioles about 6-15 mm. long; flowers clustered in the axils 
or at recently defoliated nodes, the pedicels about 2-7 mm, long; sepals 
about 1.2-2.0 mm. long, rufous-strigose, rather firm; corolla tubular, about 
3.2-6.5 mm. long, rufous-sericeous outside, at least above, the lobes one- 
fourth to one-half as long as the tube; ovary appressed-hairy; stigma-lobes 
mostly 5-6, sometimes as many as 10; fruit purple, ellipsoid, about 1.5-2 cm. 
long; seed-solitary, with broad basilateral obcordate scar extending to about 
the middle; cotyledons somewhat thickened and a little fleshy, each about 
as thick as the endosperm. 

Type: The first specimen cited is fichomhurtfk H6'i , from “Roraima,” 
British Guiana (P, G, K. NY). Schombitryk VWJ, from the banks of the 
Pomeroon River, British Guiana (li), is also cited. 

Local names: Siirubiiruen, wild star-apple (British Guiana); Mapara- 
juba, rozada brava (Amazonas, Brazil). 

Distribution: French Guiana, and northern Amazonas and Para, Brazil, 
to Colombia, south to Ecuador and Peru. 

COLOMBIA: Midis lino (US), 4020 (F, US), 5821 (UK), Bogota: Triana s pros 
do La Mesa (K). Norte de Santander: Kitiip Smith 20528, Oulaga Valley (G, US). 
Venezuela : Gollmer s.n. (G—photo, NY—photo). Merida: Pit tier 12751 (NY, US). 
Portuguese: Piltier 12079, between Aspini and Apricidn (US). Aragua: Williams 11074 
(A, F, US). Sucre: Broadway 1*54, near Cristobal Colon (0, NY, US). British Guiana: 
Anderson 6, Aruka River (K) ; De La Crus 3200, Kabakaburi, Pomeroon District (C, F, 
G, MO, NY, PA) ; De La Crus 4138, Kamakusa, upper Mazaruni River, (F, G, MO, NY, 
PA, US); Fanshawc 565, Moraballi Creek (BG); Fanshawc 2i46, Yarikita Creek, Aruka 
River (BG) ; Hitchcock 17659, Yaritka and Amakura Rivers (G, NY, S, US) ; Hohcn - 
kirk 9, Waini Creek (K); 8andwith 338, Essequibo River, near Bartica (K, NY) ; 
Sandwith 678, Cuyuni River (K) ; Bchomburgk 550/856 (K), 813 (K), 1507 (K) ; Tutin 
354, Cuyuni River (K, US). Surinam: B.IV. 3827, Watramiri (K, IIS), 8873, Watramiri 
(K), 4547 , Watramiri (G. K, S, US); Hostmann 630 (F, K); Hostmann f Happier 630B 
(S), 1139 (K, MO, S); Lanjomc 808, Coppename River, near Raleighfalls (K, Mich, S, 
ITS). French Guiana: Gabriel s.n. (F, G—photo); Martin s.n., Cayenne (K). Brazil*: 
Riedel 1419, Amazon River (US). Pard: Ducke 12128, Rio Branco de Obidos (US); 
Ducke 14834, Obidos (US). Amazonas: Froes 65, Esperanza, basin of Rio Solimoes (Herb. 
Krukoff); Froes 3282, Sao Paulo de Olivenca, basin of Rio Solimoes (Herb. Krukoff) ; 
Froes 102, Esperanza, basin of Rio .7avarv (Herb. Krukoff.) Ecuador: Riggers 15450 
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(F); Popenoc 1308, Portovelo (US) ; Poprnoe 1349, Est. Exp. Chobo (US). Peru: San 
Martin: Klug 3843 , Juan Jui, Alto Rio Tluallaga (F, G, MO, NY, S, US). Loreto: 
William* 3945, Lower Rio Huallnga (F, S, US) ; Klug 1318 , near Iquitos (F, US). 

12. Chrysopiiyllum parvttlum Pitt. Oontr. FI. Venez. 42. 1923. 

Arborescent shrub or small tree about 4 m. tall, the twigs slender, loosely 
rufous-strigose when young; leaves elliptic or elliptic-oblong to elliptic- 
ovate, acute or acuminate, about 4-8 cm. long and 2-4 cm. wide, rufous- 
strigose beneath when young, the hairs later fading and eventually decidu¬ 
ous; primary lateral veins weak, straight or nearly so, neither crowded nor 
very distant, not always sharply separable from the larger secondary veins, 
which trend parallel to them; petioles about 4-9 mm. long; flowers 2-6 in 
the axils, the pedicels densely rufous-sericeous, about 2 mm. long; sepals 
about 1.6-2.0 mm. long, rounded, sparsely rufous-strigose; corolla glabrous, 
5-6 mm. long, the tube about 2-3 times as long as the rounded lobes; fila¬ 
ments very short, attached at the level of the sinuses; anthers about 0.6-0.7 
mm. long; ovary 5-loenlar, rufous-hairy, tapering above to the conic gla¬ 
brous style; stigma 5-lobed; fruit ellipsoid, 2.5-3 cm. long, 15-17 mm. thick; 
seed solitary, about 13-15 mm. long, with a broad obovate scar nearly as 
long; embryo somewhat thickened, the endosperm relatively thin. 

Typic: Piltivr .WW/>\ “Selvas do (luaremales, 50 m.. cerca de Urania,” 
October 3, 1920 (G, NY, US, V). 

Local name: Paseualita. 

Distribution: Venezuela and Colombia. 

Venezuela Orlando 114 (US, V ). Uolomma: Karsicu in 1890 (F— plioto & 
fragment, G—photo, NY—photo). 


13. Chrysophyllum albipilum Cronqnist, sp. nov. 

Tree about 7 in. tall; young twigs slender, white-strigose; leaves elliptic 
or elliptic-obovate, obtuse or acute, about 4-11 cm. long and 2-4.5 cm. wide, 
white-strigose beneath when young, later glabrate; primary lateral veins 
about 7-10 pair, straight, or more commonly arcuate near the margins; 
secondary lateral veins rather irregular, forming a very loose reticulum; 
petioles about 3-6 mm. long; flowers clustered in the axils, the pedicels grav- 
sericeous, about 2 mm. long; sepals hairy like the pedicels, the outer acute 
or acutish, the inner more rounded, about 1.5-1.8 mm. long; corolla green, 
about 3.7 -4.1 mm. long, glabrous, the tube about twice as long as the rounded 
lobes; filaments short, attached at the level of the sinuses, their traces visible 
to the base; anthers about 0.5-0.6 mm. long; ovary 4-5-locular, short-hairy, 
rather abruptly contracted to the thick glabrous 1 ram. style; stigma-lobes 
4-5; fruit unknown. 

Arbor 7 m. alta, ramulis albo-strigosis glabrescentibus, foliis ellipticis 
vel elliptico-ovatis, obtusis vel acutis, ca. 4-11 cm. longis 2-4.5 cm. latis, infra 
albo-strigosis glabdescentibus, venis 7-10-jugis, venuils laxe et irregulariter 
reticulatis; flores axil I a res pedicellis 2 mm. longis, sepalis 1.5-1.8 mm. longis 
griseisericeis, corolla glabra 3.7-4.1 mm. longa lobis \ tnbum aequantibus, 
filamentis fauee afflxis. ovario 4-5-loculare stylo glabro; fructus ignotus. 

Type: Klug 4365, forest, Juan Jui, Alto Rio Huallago, 400-800 m., San 
Martin, Peru, May, 1936 (US); isotypes at A, F, K. 

Distribution; Known only from the type collection, San Martin, Peru. 
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This species is obviously related to C. parvidum , from which it differs in 
its white, not at all rufous-tinted pubescence, less regular more reticulate 
leaf-venation, smaller flowers, and disjunct distribution. 

14. OhrysopiiyUjUm acreanum A. C. Smith, Brittonia 2: 161. 1936. 

Arborescent shrub or tree up to 12 m. tall, with slender twigs; young 
twigs, young leaves, petioles, and pedicels conspicuously pubescent with 
short spreading rufous hairs; leaves elliptic or lance-elliptic, mostly acumi¬ 
nate, about 3-13 cm. long and 1-4 cm. wide, soon glabrous, except along the 
midrib beneath, where more tardily so; primary lateral veins about 8-18 
pair, rather irregularly set, straight, bifurcate near the margins; secondary 
veins few, trending parallel to the primary ones, and not always sharply 
separable from them; petioles about 2 3 mm. long; flowers several in axillary 
clusters, the pedicels about 3-4 mm. long; corolla glabrous, about 3.S-4.4 
mm. long, the lobes about one-third to one-half as long as the tube; filaments 
very short, inserted at the level of the sinuses, or a little above; anthers 
about 0.4-0.6 mm. long; ovary 5-eel led, hairy, with a short glabrous style; 
stigma-lobes 5; fruit unknown. 

Type: Krukoff 5 . W 3 , on terra Anna, near mouth of Rio Macauhan, basin 
of Rio Purus, 9 degrees 20 minutes South, 69 degrees West, Acre Territory, 
Brazil, August 2R 1933 (A, 0, MO, NY, (IS). 

Distribution: Acre Territory, Brazil, and adjacent parts of Amazonas. 

Brazil: Amazoiuis: hrnVoff S2~>4 y Kao Paulo do Olivonoa, basin of Rio Koliutons 

(NY). 


15. CtlRYSOPHYLLUM GRANATENKE Kpreilg. Svst. It 667. 1825. 

Xyclc visit ion arymteum H.B.K. Nov. (ton. & Kp. 3: 238. t. 244. 1818. 

Twigs slender, puberulent; leaves elliptic or elliptic-obovate, about 4-5.5 
cm. long and 2-3 cm. wide, rounded to acute, glabrous and shining above, 
thinly white-sericeous beneath, closely and conspicuously striate above, the 
veins averaging about 0.5 mm. apart, partly obscured by the pubescence 
beneath; petioles about 6-8 mm. long; flowers small, about 6-9 in the axils, 
the pedicels about 3 mm. long; sepals rounded, a little over 1 mm. long, 
sericeous; corolla glabrous, the lobes evidently longer than the tube, re¬ 
flexed; filaments attached in the corolla-throat, exsorted; anthers glabrous, 
acute, subcordate at the base; ovary hairy, 5-iocular, tapering to the glabrous 
1.5 mm. style; stigma-lobes obscure; fruit unknown. 

Type: Humboldt d' Koupland , “prope Jaen de Bracamoras, alt. 620 hex. 
Regno Novo-Uranatense,” in the present province of Cajamarca, Peru, in 
August (NY—photo). 

Distribution: Known only from the type collection, Cajamarca, Peru. 

I have seen no specimens of this species, but from the type-photo and 
original description it would seem to be related to the more southern C. 
marginatum , from which it differs in its more closely and conspicuously 
striate leaves, that are white-sericeous beneath, and in its longer style. 

16. Ctorysophyllum dusenii Crouquist, sp. nov. 

Tree, young twigs slender, rufous-sericeous; leaves elliptic, abruptly 
short-acuminate, about 2.5-7.5 cm. long and 1-2.5 cm, wide, glabrous above, 
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finely, closely, and inconspicuously strigose beneath, nmeli as in C. -inor- 
natnm; primary lateral veins weak, straight or nearly so, ending in a dis- 
tinet submarginal vein, neither crowded nor very distant, the secondary 
lateral veins few, trending parallel to the primary ones, and mostly obscure; 
petioles about 4-5 mm. long; flowers 1-4 in the axils, the pedicels slender, 
finely and closely hairy, 5-11 mm. long; sepals deltoid-ovate, acute, 1.3-1.5 
mm. long, rufous-sericeous; corolla about 3.5-5 mm. long, glabrous, the lobes 
a little shorter than the tube, but split down 0.4-0.8 mm. farther on the out¬ 
side, as in C. potto me use ; filaments short, attached at the level of the sinuses; 
anthers glabrous, about 0.6—0.7 mm. long; ovary short-hairy all over, ab¬ 
ruptly contracted to the distinct glabrous 0.5 mm. style, 5-locular, or 6-loeu- 
lar in occasional G-merous flowers; fruit unknown. 

Arbor, ramulis rufo-sermeis, foliis elliptieis abrupte brevi-acuminatis ca. 

2.5- 7.5 cm. longis 1-2.5 cm. latis, su])ra glabris, infra tenuiter strigulosis 
pilis |)allidis, venis tenuibus directis, venulis paucis obscuris ad venas paral- 
lelibus, petiolis ca. 4-5 mm. longis; flores 1-4 axillares, pedieellis gracilibus 
541 mm. longis, scpalis rufo-sericeis acutis 1.3-1.8 mm. longis, corolla glabra 

3.5- 5 mm. longa lobis infra et intus connatis parte libera (juam tubo breviore, 
filamentis fauee affixis, ovario 5-6-locuIare stylo glabro 0.5 mm. longo; 
fructus ignotus. 

Type.- I) hsui li.'JSi, “Morretes opp. Facenda Marumby, in silva pri¬ 
maeval’ April 4. 1014, Parana, Brazil (S). 

Distribution: Rio de Janeiro and Parana, Brazil. 

PiKazil: Rio fk* Janeiro: 07 uziou lltMtfi (K ). Nsio Paulo or Rio do Janeiro: It Vo* 4(iS 
(K ). Parana: Ihixht Volta Pinnule, August 7, 1911 (S;; Dusru til,’)a, Volta (Jrando, 
duly 3, 1914 (S). 


17. Uiirysopi i ylij’m makolvatpm (II. & A.) Radik. Act. Gongr. Bot. 
Anvers 1885: 170. 18N7. 

Large shrub or small tree about 2-10 m. tall; leaves relatively small, 
about 1.5-10 rm. long and 5-40 mm. wide, narrowly or broadly elliptic to 
lanceolate, oblauceolate, ovate, or obovate, rounded or evtut ret use to obtuse 
of acute at the apex, varying from essentially glabrous to strigose or puberu- 
lent along the midrib beneath, or loosely rnfous-tomentose on the lower sur¬ 
face; primary lateral veins fairly numerous, parallel and nearly straight, 
usually impressed above, not much if at all raised beneath, the leaf appear¬ 
ing loosely and weakly striate; secondary lateral veins obscure or sometimes 
forming an evident reticulum, mostly parallel to the primary ones, and not 
always sharply distinguishable from them; petioles about 2-8 mm. long; 
flowers tiny, clustered in the axils or at recently defoliated nodes, subsexsile 
oi* on pedicels up to 4 mm. long; sepals about 0.5-0.8 mm. long, rounded, 
rufous-strigose; corolla about 1.7-2.2 mm. long, the lobes 0.9- 1.3 mm., often 
rufous-strigose on the outside; filaments attached at the corolla throat, 
where a slight thickened ring is more or less evident; anthers about 0.35-0.6 
mm. long; ovary shortly rufous-hairy, its faintly lobed style 0.2-0.5 mm. 
long; fruit black, ellipsoid to subglobose, about 5-10 (rarely 13) mm. long; 
seed solitary, the scar basilatcral, large, ret use, as broad as long, not reach¬ 
ing to the middle of the seed. 

Type: Tweedie i/, 52, and 53, from Uruguay, are cited in the original 
description. An unnumbered Tweedic collection is at K. 
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Local names: Picazo rembiu (Chaco). 

Distribution: Uruguay, northern Argentina, and Bolivia to Matto Grosso 
and Minas Geraes, Brazil. 

KEY TO TIIE VARIETIES OF CIIKYSOPHYLLUM MARGINATUM 

1. Leaves glabrous at maturity or merely strigose or puberulent along the 
mibrid beneath. 

2. Corolla more or less appressed-hairy, at least toward the base; pedi¬ 
cels evident, slender. A. var. marginatum . 

2. Corolla glabrous, rarely with a few inconspicuous appressed hairs; 
pedicels generaly very short and stout, the flowers thus closely aggre¬ 
gated. B. var. obversum. 

1. Leaves more or less persistently tomentose with loose rufous hairs 

beneath. (\ var. Urmentosum. 

17A. ChrysopiiylltJm marginatum var. marginatum Cronquist, var. 
nov. 

Myrsine marginata II. & A. Journ. Bot. 1: 283. J834. 

Chrysophyllum marginatum Radik. Act. Congr. Bot. Anvers. 1885: 170, sensu stricto. 
1887. 

C. maytenoides Mart. Herb. FI. Bras. 177. 1837. 

C. myrtifolium Mart. Herb. FI. Bras. 176. 1837. 

C. maytenoides var. myrtifolium Miq. in Mart. FI. Bras. 7: 100. 1803. 

Myrsine grisebachii Ilieron. Bol. Acad. Nac. Cordova 4: 365. 1881. 

Chrysophyllum maytenoides a normalc Kuntzc, Rev. Gen. 3-; 104. 1898. 

C. maytenoidrs p tenue Kuntze, loc. cit. 

C. grisebachii Mez, Pflauzenr. 4: 397. 1902. 

C. ilicioides Rushy, Bull. N. Y. Bot, Hard. 4: 466. 1907. 

Flowers borne on evident slender pedicels; base of corolla-lobes and top 
of tube rufous-strigose, sometimes scantily so; leaves glabrous or merely 
slightly hairy along the midrib beneath, generally broadest at or below the 
middle. 

Distribution: Range of the species. 

BRAZIL: Riedel 167 (US); Sello 3538 (G, US); Sello 4 149 (C). Malta Grosso: 
Hoehnc 4260, Ouyaba (F), 4693, CuyabA (F) ; Kuntzc s.n. } July, 1892, Villa Maria (F) ; 
Malme 1843, Ouyaba (S), 1843a (S); Dorrien Smith 13, Ccunpo Grande, 150 miles south¬ 
east of Corumba (K). Minas Geraes: Mexia, 5844 , Serra do Rio Grande (0, F, G, MO, 
NA, NY, PA, S, US). Rio de Janeiro: Glasiou 8336 (K, P, S, US), 13069 (K), 14054 
(K). Sao Paulo: Brade 5755 (8); Hoehne 39, Butantan (F); Mosrn 1(17 (S); listen 
15938 , Pinneiro (F).•Santa Catharina: Vie 1095 (US). Rio Grande do Sul: J And man 
A1439, Val de Serra (S); Lindman A1633 , Porto Alegro (S); Malme 70 (8, ITS); 
Malme 1461, near Porto Alegro (S) ; Malme 1613 (G, S); Leite 3548 , Sao Leopoldo (G) ; 
Sello 1170 (C, PA, S). Paraguay: Balansa 3336 (F, S), 4190 (F) ; Fiebrig 5405 (G, K, 
U8), 5949 (ITS), 6136 (F, G, K, US); Hassler 437 (K), 564 (K), 3010 (K), 11301 
(A, F, K), 11734 (A, G, K, MO, US) ; Jorgensen 3760 (A, F, G, MO, NY, PA, S, US) ; 
Kuntze s.n., September 1892 (F, NY); Malme 843 (G, S, US); Morong 701 (G, Mich, 
MO, PA, US), 701A (0, US), 841 (C, G, K, Mich, MO, NY, PA, ITS); Rojas 1694 (S). 
Bolivia: La Paz: Bang 3157 , Ooripati, Yungas (NA, NY, PA, ITS); Buchtien 4359 , 
Milluguaya, in Nord-Yungas (US). Santa Cruz: Herzog 1353 (S) ; Kuntze s.n., La Cruz 
(NY). Uruguay: Lorentz s.n., April, 1876 (G, US). Argentina: Jujuy: Venturi 5307 , 
Sierra do Calilegua (G, US). Tucuman: Bur kart 5368, Sierra de Jan Javier (G); Jorgen¬ 
sen 1918, Alpachiri (G); Lorentz 183, La Cruz (K); Lorentz $ Hieronymus 1040 (F, 
US); Parodi 11088 (F) ; Venturi 333 (F, G) ; Venturi 844, Barranca Colorado (A, NY, 
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8, UH); Venturi 6039, Cumbre tie Taficillo (A, US); Venturi 10349, Ccrro del Campo 
(MO, S). Chaco: Jorgensen 2099, Los Palmas (G, MO, US) ; Schulz 386, Colonia Benitez 
(NY); Meyer 728, Fontana ((5). Misiones: Curran 713, Puerto Leon (NY); Gruner 
1029, Loreto (NY); Rodriguez 350, Santa Ana (G, NY, US). Corrientes: Jionpland s.n. 
(F) ; Parodi 11989, San Luis del Palmar (G, NY). 

17B. Chrysopiiyllum marginatum var. obversum (Miq.) Cronquist, 
comb. nov. 

('. ebenaceum Mart. Ilcrb. FI. Bras. 176. 1837. 

C. mar Han um A. DC. Prodr. 8: 161. 1844. 

<\ ebenaceum var. obversum Miq. in Mart. FI. Bras. 7: 100. 1863. 

C. ebenaceum var. pedunculatum Miq. in Mart. loc. pit. 

C. ebenaceum var. latifolium Miq. in Mart. loc. eit. 

C. ebenaceum var. langi folium Miq. in Mart. loc. pit. 

Flowers mostly subsessile or on very short stout pedicels, thus more or 
Jess glomerate; corolla glabrous, or very nearly so; style very short, about 
0.2- 0.3 mm. long; leaves glabrous or merely slightly hairy along the midrib 
beneath, often broadest above the middle. 

Type: Martins 886, Sad Paulo, Brazil (G, MO, NY). 

Distribution : Sad Paulo, Minas Geraes, Matto Grosso, and Rio de Janeiro, 
Brazil. 

Brazil; Burchell 3915 (K), 1681-16 (G;, 4705-10 (G t, 6988-3 (G, K) ; Marti us 887 
( F, K, NY, PA). Matto Grosso: Malme 1594, Cuyaba (G, S, US) ; Riedel 847, Cuyaba 
(US;. Minas Geraes: Barreto Bello Horizonte (F) ; Clausen 45 (F, P), 150 (F, 

NY;; Martins 37 4 (G*—photo); St. llillairc 381 (P). Rio de Janeiro: Glaziou 5930 
( F, K, S>, 8793 (A, K, NY, X). Sab Paulo: Bradt 5755. Moaca (F), 5766 (X); Hoehne 
*8793 (cult.; (A, C, F, XV, K); Loefgren 3910 (P) ; Mosen 4659 (S). 

17C. C hrysoph yllum MARGINATUM vai*. tomentosum (Miq.) Cronquist, 
comb. nov. 

C. gmtlrminianum A. DC. Prodr. 8: 161. 1844. 

C. i be\\ae< um var. tomentosum Miq. in Mart. FI. Bras. 7; UK). 1863. 

Leaves more or less persistently tomentose beneath with loose rufous 
hairs; otherwise much like var. ohm-sum, but the leaves less often obverse. 

Type: Specimens From Minas Geraes by 1 Yidgrcn (K, S), and Pohl are 
cited. 

Distribution: Minas Geraes. Sao Paulo, and Rio de Janeiro, Brazil. 

Brazil: 1 lurched 4813 (Ki; Riedel 8814 (or 2843h (NY, US); Pohl 1461 (F, G. 
UW). Sao Paulo: Guiflemin 499 (F); Mosen 1447, Mozy guussu (S), 1419 (S); Mosen 
1448, Mogy inirim (S), 4659 (S). Minas Geraes: 1Into 19888, Belo Horizonte (F) ; Mosen 
1899, Caldas (S), 1150 (G ) ; Rcgnell 855, Cnidus (G, K, S, US). Rio de Janeiro: Glaziou 
12936 (A. K, P). 

The name Chrgsophyllum marginatum (H. & A.) Radik, is technically 
a hvponym, and may he considered to be validated here. 

Several varieties have been based cm differences in size and shape of the 
leaves, but these features are so variable as to be of very dubious taxonomic 
value. Except that var. ohm-sum more commonly has the leaves broadest 
above the middle than do the other varieties, it is to be presumed, until 
careful field study proves the contrary, that variation in size and shape of 
the leaves of C. marginatum is of no taxonomic significance. 
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18. Chrysophyllum ovale Rusbv Mem. N. Y. Bot. Gard. 7: 320. 1927. 

Tree; leaves glabrous, elliptic or elliptic-ovate, conspicuously acuminate, 
about 3-11 cm. long; and 1.5-6 cm. wide; primary lateral veins straight or 
nearly so, neither crowded nor very distant; larger secondary veins mostly 
trending parallel to the primaries, and not always sharply separable from 
them; petioles about 4-12 mm. long; flowers clustered in the axils or at. 
recently defoliated nodes, borne on slender pedicels about 4-6 mm. long, 
very similar to those of C. marginatum , but slightly larger, the corolla about 
2.5 mm. long; fruit broadly ellipsoid ox subglobose, about 1.5-2 cm. long; 
seed solitary, with a broad basilateral scar extending about two-thirds its 
length. 

Type.* White ViSJA, Esperanza Falls, near the northern tip of Bolivia, 
500 feet (NY, US). 

Distribution : From Loreto, Peru, to northern Bolivia. 

Pert 1 : Loreto: K Inf/ 2,12 f, Florida, Rio Putumayo, at mouth of Rio Zuhiuetn, ,1 so m. 
alt. (A, F, US). Brazil: Ulr 9694, Monte Mo, Rio Acre, either in Acre Territory or in 
adjacent Amazonas (K). 

19. Chrysophyllum lucentifolium Oonquist, sp. now 

Tree or arborescent shrub; leaves glabrous, shining, elliptic to clliptic- 
oblanceolate or elliptic-obovate, generally acute <>r acuminate at the apex, 
tapering to the base, about 4-10 cm. loug and 2-4.5 cm. wide; primary 
lateral veins prominent, well-spaced, generally arcuate toward tin' margins; 
secondary lateral veins conspicuous, irregular, loosely reticulate; petioles 
about 5-10 mm. long; flowers subsessile, borim single or few together in the 
axils or at recently defoliated nodes; sepals about 1.2-2.0 mm. long, sparsely 
strigose, the inner fringed-ciliolate; corolla glabrous, about 2.7-3.0 mm. long, 
the lobes equaling or much exceeding the tube; filaments attached at or 
slightly below the level of the sinuses, but their traces raised and conspicu¬ 
ous to the base; anthers 0.9-1.1 mm. long; ovary hairy, 5-lobed, 5-locular; 
style short and stout, about 0.5 mm. long; stigma-lobes 5; fruit about 1.5-2 
cm. long, ovoid or subglobose, somewhat silicate, at least when dry, between 
the several seeds; seeds nearly as long as the fruit, each with a linear scar 
extending its full length. 

Arbor vel frutex arboreseens, foliis glabris lueidis elliplieis vel elliptico- 
oblanceolatis vel elliptico-obovatis, apice acuminatis basi cuneatis 4-10 cm. 
longis 2-4.5 cm. latis, venis prominentibus arcuatis, venulis prominentibus 
irregulariter retieulatis, petiolis 5-10 mm. longis; flores pauci axil lares sub- 
sessiles, sepalis 1.2 2.0 mm. longis sparse strigosis, corolla glabra 2.7-3.0 mm. 
longa, Jobis tubuni aequantibus vel exeedentibus, fllamentis fauce affix is, 
ovario 5-locularc; fructus ovoideus vel subglobosus sulcal us 1.5-2 cm. longus, 
seminibus paueis cicatrice lineari. 

Type: Riedel s.n., Macahe, Rio de Janeiro, June 1832 (US). 

Distribution : Rio de Janeiro, Brazil. 

Brazil: Rio do Janeiro: Riedel 1129 , October, 1832 (NY, US). 

This species is probably related to C. gonocarpum , from which it differs 
in its shining, mostly smaller leaves, which are glabrous from the first, 
shorter corolla and style, and in having the filaments attached near the level 
of the sinuses, instead of toward the base of the tube. 
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20. Ohrysopjiyllvm cainito L. Sp. PI. 192. 1753. 

Tree sometimes as much as 30 m. tall; leaves elliptic or oblong, generally 
abruptly short-acuminate at the apex, up to about 16 cm. long and 8 cm. 
wide, soon glabrous and shining above, persistently rufous-sericeous or 
-toinentulose beneath, sometimes becoming a little paler in age; primary 
lateral veins straight or slightly curved, neither crowded nor very distant, 
not sharply separable from the larger secondary ones, which trend parallel 
to them; flowers numerous in axillary clusters, the pedicels closely rufous- 
hairy, about 5-15 mm. long; sepals about 1.0-1,2 mm. long, closely rnfcscent, 
suborbicular; corolla about 3-5 mm. long, the tube glabrous, tire lobes 
rufous-hairy except near the margins, somewhat ovate, more tapering than 
in most species, equaling or usually a little exceeding the tube; filaments 
attached a little above the level of the sinuses; anthers about 0.7-0.9 mm. 
long; ovary 7-12-locular, with a short style and discoid stigma, the stigma- 
lobes as many as the loculcs; fruit yellow, green, or purple, large, 3 cm. or 
more thick, sometimes as much as 12 cm. thick, mostly obovoid or subglobose, 
several-seeded; seeds flattened, obliquely obovate, with a broad lateral sear 
extending nearly their whole length. 

Type; Linnaeus cites no specimens, but refers to several other publi¬ 
cations. 

Local names: Star-apple; caimito. 

Distribution: Colombia to Surinam, north throughout the West Indies, 
and through Central America to southern Mexico. Widely cultivated and 
naturalized, so that the original range is uncertain; almost certainly native 
in the West Indies, and probably also in northern South America, but proba¬ 
bly only naturalized on the North American continent. 

PoijOMitlA: Metis SI (VS>. JtKlS (PS). At lant mo: Elias Barnniquilla (F, VS). 
Bolivar: Curran 22 J, Mompos Island (G, PS); Fillip <!'■ Smith 11 ISO, Tnrharo (A, G, 
NY, VS). Norte do Santander: Ciiatn casax, Sclmltts Smith 12.220, Harare region (VS). 
Antioquia: Daniel .22*2, San (Jeronimo (VS). Valle del Cauea: Triana .2n99, El Espinal, 
valley of Ihe Magdalena (K. NY, VS). Tallinn: Harriaa K} OS, Guvabal. Vkn t kzpkl\: 
Merida: Ft nrih r 22 . n< i ar Tovar ((«, K). Aragua: Chardnn 100, El Rorozal (VS). 
Bolivar: Jlnsbft S' StfHtn.\ s.n. (NY). Tkinii»\I): llnxulwau *./?., September 1(5, 191S (G, 
NY, VS) ; Efitu rs (PS). Bkitisu Gn\XA; lit La Cm r ,20IS, Bartiea, Essequibo River 
(G, MO, NY, VS); (iltaxnn 021, Roekstone (G, NY, VS). Nckixam: Laujoiuv 109, 
(’barl(\sburg, near Paramaribo (Si; Path 0, near Paramaribo (VS). 

21. ( 1 hrysophyelpm copiiLEARiPM LcCoiute, Notulae Syst. 4: 63. 1923. 

Tree; twigs slender, rufous-tomentose when young; leaves obovate or 
elli])tic-obovate. about 4.5- 7.5 cm. long and 2-4 cm. wide, closely sericeous 
with fine rich red hairs on both sides when young, soon giabrate above, and 
probably eventually so beneath; primary lateral veins about 8-12 pair, 
arcuate; secondary lateral veins obscure, loosely reticulate, the stronger ones 
mostly trending nearly at right angles to the primary veins; petioles about 
1 cm. long; flowers in small clusters at defoliated nodes, the pedicels rufous- 
sericeous, about 12 mm. long; sepals hairy like the pedicels, about 1.5 mm. 
long; eorolla about 3.0-3.5 mm. long, the lobes rufous-sericeous on the back, 
twice as long as the tube, or longer; filaments attached at the level of the 
sinuses, or a little above, slender, about 1 mm. long; ovary closely rufous- 
hairy, 5-6-locular; style glabrous, about 0.7-1.1 mm. long; stigma-lobes 
obscure; fruit unknown. 
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Type: Benoist 224, French Guiana (F—fragment). 

Local name: Bois cuiller. 

Distribution: Known only from the type collection, French Guiana. 

22. Chrysophyllum rufum Mart, Herb. FI. Bras. 174. 1837. 

C. rufum var. acuti folium Mart. Herb. FI. liras. 289. 1837. 

C, tomentosum Freire-Allein. Trab. Comm. Sci. Expl. Hot. Rio de Janeiro 1: 69. 1866. 

Small, much-branched tree about 5-15 m. tall; leaves elliptic or elliptic- 
lanceolate, usually acuminate, about 3.5-8 cm. long and 1.5-2.5 cm. wide, 
glabrous and shining above, sericeous-tomentose beneath with dull rufous 
hairs; primary lateral veins about 6-15 pair, fewer, more widely spaced, 
straighter, and more conspicuously bifurcate near the margins than in C. 
pavonii; secondary lateral veins trending parallel to the primary ones, the 
larger ones not always separable from them; petioles about 5-9 mm. long; 
flowers 6-7-merous throughout, clustered in the axils and at defoliated nodes 
as well, the pedicels slender, rufous-sericeous, about 3 mm. long; sepals 
hairy like the pedicels, about 1 mm. long; corolla sparsely rufous-hairy or 
glabrous, about 2.4~2.6 mm. long, the lobes twice as long as the tube, each 
bearing three thickened nerves within; filaments attached at the level of the 
sinuses, slender, flexuous or variously bent, the traces visible to the base; 
anthers cuspidate, about 0.8 mm. long, dehiscent to the base, but the walls 
remaining closely approximate along the line of dehiscence, except at the 
top, where they spread to form an evident apical pore; ovary short-hairy. 
6-7-locular; style slender, about 0.8 mm. long; stigma-lobes obscure; fruit 
smooth, about 8-12 mm. long, or perhaps sometimes larger, 1-2-seeded, sub- 
pyriform; seeds obovoid, obtuse at the apex, acute at tin* base, the seed-coat 
regularly tuberculate, silicate between the tubercles; seed-scar basilatoral, 
suborbicular, extending about to the middle of the seed. 

Type: Martins 272, in sylvis, Caa-tinga, Bahia, Brazil (G—photo). 

Distribution: Bahia, Cara, and Rio de Janeiro, Brazil. 

Brazil: (Vara: Vte 0070 , Scrra de Batuvito (0, F, K). Bahia: Martins ,7J/, Cruz de 
Oasma (F, G, K, MO, NY T ); Tusehnath stS (F). Rio <le Janeiro: Glaziou 1 IJ fG (K). 

The description of the fruit and seed for this species is taken from that 
given by Miquel in the Flora Brasiliensis. 

23. Chrysophyllum pavonii Cronquist, nom. nov. 

Nycterisition f err a (fin cum R. & P. FI. Per. 2: 47. pi. 187. 1794. 

Chrysiphyllum f err uyin cum Steud. Nom. ed. 2. 1: 369. 1840, not Gaertn. f. 1803. 

Tree with hard fulvous wood; latex turning blood-red when exposed to 
air; leaves somewhat astringent, elliptic-oblong, rounded to more commonly 
acute or acuminate, about 4-13 cm. long and 2-5 cm. wide, glabrous above, 
sericeous-tomentose beneath with lustrous deep-rufous hairs; primary lateral 
veins straight or slightly curved, bifurcate near the margins, about 12-25 
pair, not, always sharply separable from the larger secondary ones, which 
trend parallel to them; petioles about 1 cm. long; flowers clustered in the 
axils or at recently defoliated nodes, the pedicels rufous-sericeous, about 2 
mm. Jong; sepals rufous-hairy like the pedicels, rounded, 1.1-1.3 mm. long; 
corolla about 3.0-3.5 mm. long, the lobes scarcely equaling the tube, the 
lobes and the upper part of the tube sericeous-strigose with rufous hairs; 
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filaments attached at the level of the sinuses, short and stout; anthers about 
0.5-0.6 mm. long; stigma-lobes obscure; fruit unknown. 

Type*. One of two or more collections from Peru by Ruiz & Pavon . 
Specimens from apparently two different collections of this group are at F; 
two photographs are at G, and one at NY. 

Local name: Chiohimicuna. 

Distribution: Known only from the original collections, Peru. 

24. Chrybophyllvm janx ariense Eichl. Vidensk. Meddel. 1870: 206. 
1871. 

Twigs densely villous-tomentose with spreading rufous hairs; leaves 
elliptic-oblong, rounded to subeordate at the base, acute at the apex, about 
7-13 cm. long and 3-6 cm. wide, soon glabrate and shining above, persistently 
hairy beneath with long-stalked two-forked rufous hairs, more densely so 
along the midrib; primary lateral veins about 9-14 pair, irregularly spaced, 
straight, bifurcate near the margins; secondary lateral veins loosely and 
irregularly reticulate, some of the larger ones sometimes parallel to the pri¬ 
mary ones; petioles about 4-5 mm. long; flowers clustered in the axils, the 
pedicels densely spreading-hairy like the twigs and petioles; sepals short, 
broad, and rounded, hairy like the petioles; corolla glabrous, the lobes about 
equaling the tube; filaments inserted near the middle of the tube, slender, 
half as long as the cordate laterally villous anthers; ovary depressed-globose, 
densely rufous-hairy, 5-locular; style short, glabrous; stigma-lobes obscure; 
fruit unknown. 

Type: Two collections by (ilnziou from Rio de Janeiro were cited by 
Bidder. The first number, /Pod. is of plants past anthesis, without corollas 
(G, K, NY, P). Duplicates of the second number, 2598. have flowers in 
maturing bud, the corollas ready to open (A, K). This number is accord¬ 
ingly selected as the type. 

Distribution: Rio de Janeiro and perhaps elsewhere in Brazil. 

Kkazil: Prater Santa Ana, a-4,000 feet, 1860 (Kj. 

The Paris specimen cited above has the number 1055 marked out, and 
replaced with #2/)/. There is also a collection at Kew bearing the numbers 

- nm, 

25. OhrysopiiyIjIjTm spaksiklorpm Klotzsch ex Mi<j. in Mart. FI. Bras. 
7: 90. 1863. 

C. sparsiflorum vat. fopi folium Mitj. in Mart. loc. eit. 

Young twigs rufous-sericeous; leaves lance-elliptic to elliptic or elliptic- 
ovate, about 5-12 cm. long and 2-4.5 cm. wide, yellowish-sericeous on both 
sides when young, soon glabrate above, more tardily so beneath, the hairs 
loosely appressed, about 0.3-0.6 mm. long; primary lateral veins arcuate or 
unequally bifurcate near the margin, irregularly set, the secondaries mostly 
trending about parallel to them and not always sharply separable; petioles 
about 3-6 mm. long; pedicels about 1-4 in the axils, sericeous, 2-3 mm. long, 
deflexed or recurved at least before authesis; sepals hairy like the pedicels, 
about 3.6-1.8 mm. long; corolla glabrous, about 3.5 mm. long, the lobes a 
little longer than the tube; filaments slender, shorter than the anthers, nearly 
or quite free from the tube; anthers cordate-ovate, minutely apiculate, about 
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1.5 mm. long*, densely woolly-vinous on the margins; ovary hairy, 5-locular, 
the style short, glabrous; stigma-lobes obscure; immature fruit glabrous, 
obovoid or subglobose, over 1 cm. Ion*?, single-seeded. 

Type: Schomburyk 680 , British Guiana (F—fragment, K). 

Distribution: British Guiana, and Para, Brazil; certainly to be expected 
in northern Amazonas, Brazil. 

British Guiana: Schonibnrpk 420, Pirarn (F). The Kcw specimen cited above bears 
both numbers, (>S0 and 420, 

The description of the fruit is taken from Miquel’s description, which 
is based on a specimen collected by Spruce near Santarem, Para, the type 
of var. fag ifolium, A photograph of a plant in the Munich herbarium, labeled 
Chrysophylhim sparsiflorum var. fngifoUum, agrees with this description, 
and may represent an isotype of the variety. 

26. Ciirysopi i yllt’m PULCiiERHi mt t m Mart. & Eichl. ex Mi(|. in Mart. FI. 
Bras. 7: 92. 1863. 

Tree up to 10 m. tall; young twigs rufous-sericeous; leaves elliptic or 
elliptic-ovate, rounded to acutish at the apex, about 4-11 cm. long and 
2.5-5.5 cm. wide, glabrous above, persistently sericeous beneath with rich 
purplish-red hairs; venation of the usual chrysophylloid type, with straight 
bifurcate irregularly set primary lateral veins, and relatively few secon¬ 
daries, these mostly parallel to the primaries; petioles about 1 cm. long; 
flowers several in axillary clusters, the pedicels slender and lax. nil’ons- 
sericeous, about 15-25 mm. long; sepals rufous-sericeous, about 2.5- 3 mm. 
long; corolla a little longer than the calyx, nearly glabrous, the lobes shorter 
than or about equaling the tube; filaments slender, inserted about at the 
middle of the tube; anthers cordate-ovate, emarginate at both ends, long- 
villous ; ovary rufous-sericeous, tapering to the glabrous 1 mm. style; fruit 
unknown. 

Type*. Hello 10X6, eastern Brazil ((\ F—photo and fragment, G—photo, 
K, NY—photo). Another collection from eastern Brazil, by Freireiss, is also 
cited in the original description. 

Distribution : Known only from the original collections, in eastern Brazil. 
A specimen at IC, without designation of the collector, bears the data, 
“Camamee, Prov. do Bahia.” It is very probably an isotype. 

27. Cijrysopiiyllum KPLENDENs K prong. Syst. Veg. 1: 666. 1825. 

(\ amplifoliintt A. DC. Prodr. 8: 1")9. 1844. 

Tree about 10 m. tall; young twigs closely rufous-sericeous; leaves ellip- 
tic-oblotig to broadly elliptic-oblanceolate, about 10-30 cm. long and 4—12 
cm. wiae, rounded to abruptly short-acuminate or merely acutish at the 
apex, glabrous above, densely and persistently sericeous beneath with 
copperv-rufous hairs; primary lateral veins about 10-22 pair, rather irregu¬ 
larly set, mostly arcuate near the margins; secondary lateral veins few, the 
larger ones mostly trending parallel to the primaries; petioles about 8-17 
mm. long; flowers clustered in the axils, the pedicels rufous-sericeous, about 
7-13 mm. long; sepals hairy like the pedicels, about 2.0-2.8 mm. long; corolla 
about 3.5 min. long, moderately rufous-strigose or rufous-sericeous below, 
the hairs concentrated near the sinuses; corolla-lobes from a little shorter 
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to a little longer than the tube; filaments short, attached about at the middle 
of the tube; anthers about 0.9-1.1 mm. long, villous, sometimes sparsely and 
shortly so; ovary suleate, closely hairy, 5-loeular, tapering to the 1.5 mm. 
style, which is glabrous above; stigma-lobes 5; fruit unknown. 

Type: None given; possibly one of the Sella collections cited below. 

Distribution : Bahia and perhaps elsewhere in eastern Brazil. 

Brazil: Sella J7 .7 (G—photo), 7U8 (K). Bahia: ltiedcl 8, near Iiheog (NY, T’S); 
Front 1077 , road to Pontai, basin of Jlio Santa Ana (A); JSIanchrt 3202A (G— photo, 
NY—photo). 

28. (hiRYsopiiYLLFM akenarhm Freire-Allem. Trab. Comm. Bci. Expl. 
Bot. Kio de Janeiro 1: 72. pi. 22. I860. 

Much-branched shrub or small tree sometimes 7 m. tall; twigs roughened 
by the numerous lentieels, loosely rufous-sericeous when young, soon gla- 
brate; leaves ovate or elliptic, acutish or bluntly acuminate, about 1.5-6 cm. 
long ami 1-4 cm. wide, sericeous-tomentose with more or less rufous hairs 
when unfolding, very soon glabrate on both sides, or sometimes with some 
persistent, hairs along the midrib beneath; primary lateral veins straight, 
impressed above, not much raised beneath, about 1.5-4 mm. apart; secondary 
lateral veins obscure; petioles about 3-4 mm. long; sepals more or less 
rufous-strigose, about 0.8-0.9 mm. Jong; corolla glabrous, about 2.0 mm. 
long, the lobes equaling or much exceeding the tube; filaments short, attached 
near the middle of the tube; anthers long-villous on the margins, cordate- 
ovate, retuse or obscurely apieulateat the summit, about 1.0 mm. long; ovary 
short-hairy, 5-locular; style glabrous, scarcely 0.5 mm. long; stigma-lobes 
obscure; fruit obovoid. about 12-13 mm. long and 8-9 mm. thick, subtruncatc 
at the apex, with thin pulp; seed solitary, obovoid, wit!) broad basilateral 
scar extending about two-thirds of the way to the summit. 

Type: Freire-AII< mao s.n. % “Habitat in arenosis circa civitatcm Fortaleza 
dictam, in provincia (Vara, April." 

Distribution : (Vara to Rio de Janeiro, Brazil. 

Brazil : (’earn: Luelztlbuv$t Jti Arams Garasco, Serra do Am ripe (F). Rio de 
.Emeiro: film ion 11)47 (K), I114S (Kj. 

29. CnuvsopuYUjVM inornatfm Mart. Herb. FI. Bras. 176. 1837. 

('. lane* ola turn ('asar, Ntirp. Bras. Bee. 7: (>4. IS4B ; aee. to Miq. 

Twigs slender, yellowish-sericeous when young; leaves lance-eliiptie, 
acuminate, about 4-10 cm. long and 12-28 mm. wide, glabrous above, finely 
strigose or sericeous-strigose beneath with closely appressed whitish hairs 
about 0.1-0.3 mm. long, sooner or later glabrate; primary lateral veins 
mostly straight or nearly so and bifurcate near the margins, not sharply 
separable from the secondary ones, which trend parallel to them, the lateral 
veins thus appearing rather crowded, about 1-3 mm. apart; petioles about 
2-7 mm. long; flowers solitary or few in the axils, the pedicels slender, seri¬ 
ceous, about 5-8 mm. long; sepals about 2 mm. long or less, ovate, subacute; 
corolla about 3.0 mm. long, glabrous, the lobes about equaling the tube; 
filaments short, attached near the base of the tube; anthers apieulate, cordate 
at the base, villous; ovary hairy, 5-locular; style short, glabrous; stigma 
obscurely 5-lobed; fruit unknown. 
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Type: Sello 4530 , toward Austrum, Rio Grande do Sul (0, F—photo and 
fragment, G—photo, K, NY—photo, ITS). 

Distribution: Rio Grande do Sul to Rio do Janeiro, Brazil. 

30. Ohbysopiiyllum flexuosum Mart. Herb. FI. Bras. 98. 1837. 

T. el eg (ins Rmmk. Vidonsk. Med del. 1889: 9. 1889. 

Small tree up to about 12 in. high; leaves elliptic or elliptic-oblong, mostly 
acute or more commonly acuminate, about 6-40 cm. long and 2—12 cm. wide, 
glabrous above, sericeous-strigose with whitish hairs beenath, the hairs about 
0.3-0.6 mm. long, sooner or later glabrate; primary lateral veins well-spaced, 
about 5-15 mm. apart, mostly arcuate near the margins; secondary veins 
not very prominent, generally forming a loose open reticulum; petioles about 
8-20 mm. long; flowers borne in the axils or at recently defoliated nodes, 
about 2-13 in a cluster, the pedicels about 6-16 mm. long; sepals about 
1.5-3.5 mm. long, appressed-hairv; corolla about 3.7-7.0 mm. long, glabrous 
or nearly so, the lobes a little shorter than the tube; filaments attached at 
or a little below the middle of the corolla-tube, longer than the anthers; 
anthers villous, pointed, about 1.0-1.4 mm. long; ovary appressed-hairv, 
narrow, tapering gradually to the stout glabrous style about 1.2-2.5 mm. 
long; fruit unknown. 

Type: Martins 102, in acumine months Ooreovado, Brazil, 1838 (F, G, K, 
MO, NY, PA, US). 

Distribution: Minas Geraes, Rio de Janeiro, and Sao Paulo, Brazil. 

Brazil: Burchell 1800 (O, K); Glaziou 793 (TOO: Pohl 997 (K); Riedel 15 (US), 
U00 (US); Sello 1681-836 (0). Minas Geraes: Mejia 54*7, Vi^osa (O, F, G, MO, NY, 
PA, S, US;. Hio de Janeiro: Brade 41 (G); Glaziou 193 (K), 1355 (NY), 9501 (K), 
11581 (A, C—photo, K, P, S), 17114 (A, K, NY); Guillemin 260, Mont du Ooreovado 
(F, P); 1loehnr 14880, Tijuea (F) ; Riedel 563, Macalie (NY, US); Riedel 1222 (NY, 
US); Riedel SOU, Ooreovado (ITS). Sao Paulo: Mourn 1896, Santos (K, S) ; Mosen 3128, 
Santos (S). 


DOUBTFUL AND EXCLUDED SPECIES 

Ch rtf soph iflf u m alni folium Engl. Bot. Jalirb. 12: 522. 18th). ~ Pouteria engleri Evmn. 

C. ambelaviifolium Sandw. Kew Bull. 1931: 470 r Oxythece ambelaniifoUa (Sandw.) 
Oronquist, comb. nov. 

C. aqualicum H.B.K. Nov. Gen. & Sp. 3: 23b. 1818. Nom. dub. based on sterile sped 
mens. 

C. brauiliense A. DC. Prodr. 8: 156. 1844. -Sarcauhis b rani lien sis (A. I>(\> Kvnia. 

C. bumelioides Mart. Herb. FI. Bras. J77. 1837. - Pradosia laclrsccns (Veil.) Kulilm. 

C. bnranhnn attr. to Riedel by Hook. & Jacks. Kew hid., as a synonym. Burnnhem 
was merely listed by "Riedel as the vernacular name of an unidentified species of “ Chry * 
nophijUum The plant is a Pradosia. 

C. eapennen.se A. DO. Prodr. 8: 160. 1844. =: Paulrvia eayennensi* (A. DO.) Eyma. 

C. crotonoides Klotzsch ex Hook. & Jackson, Ind. Kew. Suppl. 1. - Pouteria crolou - 
aides (Pierre) Baehni. 

C. eximium Ducke, Bull. Mus. Hist. Nat. Paris II. 4: 744. 1932. = EccUnusa eximia 
(I)ucke) Oronquist, com)), nov. 

C. cuspidatum Iloehne, Ostenia 302. 1933. An undesevibed new genus. 

C. gardneri Mart. & Miq. in Mart. FI. Bras. 7: 102. 1803. = Poutvria gardneri (Mart. 
& Miq.) Baehni. 

C. glaucescens Engl. Bot. Jahrb. 12: 521. 1890. ~ Oxythece glaucescens (Engl.) Uron- 
quist, comb. nov. 
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C. ylycyphloeuvi Casar. Stirp. Bras. Dec. 1 : 12. 1842. = Prado si a yUfcyphlora (Casar.) 
Kuhlm. 

C. humboldiiari um Room. & Schult. ftyst. 4: 813. 3819. Nom. dub. 

C. iuophyllum Mart, ex Mi 4 . in Mart. FI. Bras. 7: 105. 1803. - Prados!a inophylla 
(Mart.) Duckc. 

C. Icingii Baelmi, Candollea 7: 134. 1936. = Ecclinusa klugil (Baehni) Cronquist, comb. 

nov. 

C. leplocarpum Spruce ex Baehni, Candollea 9: 427. 3942. = Oxythece leptocarpa Miq. 
in Mart. FI. Bras. 7: 100 . 1803. 

C. lon'yifolium Mart. & Eichl. ex Miq. in Mart. FI. Bras. 7: 97. 1863. Insufficiently 
known; certainly none of the otherwise known species of Chrysnphyllum. Perhaps a 
Pouteria. 

C. macoucou Aubl. PI. Gui. 1: 233. ph UJ. 1775. Nomen coiifusuni, based on fruit of 
ChrysophyUitm caimio and foliage of some other plant. 

C. macrophylhnn Lam. Tab. Encvc. 2; 44. 1793.- Pouteria macrophylla (Lam.) Erma. 
C. m-acrophifUum Mart. Herb. FI. Bras. 175. 1837. - Sarcaulus brasiliensis (A. DC.) 
Eyma. 

C. manyUUo Lam. Tab. Encyc. Tab. Encyc. 2: 45. 1793. - M yrsinc many till a (Lam.) 
R. Br. 

C. metinoni Engl. Bot. .Jalirb. 12: 521. 1890. n .V icropholis ynyanensis (A. DC.) Pierre. 
C. michino II.B.K. Nov. Gen. &. S)». 3: 230. 1818. Nom. dub.; perhaps a species of 
Sfanilkara . 

C. min ut i florinii Britt, Bull. Torroy Club 48: 337. 1922. - Pouteria minutiflora (Britt.) 
Sandw. 

C. oh at folium Spruce ev Miq. in Mart. PI. Bras. 7: 101. 1803. r. Oxythece sp. 

C. oppos'dum Ducke. Trop. Woods 71: 18. 1942. - Ecclinusa opposita (Ducke) Cron- 
quist. comb. nov. 

('. parviflorum Casar. Stirp. Bras. Dec. 7: 03. 1843. Nom. dub.; possibly not sapo- 
taceous. 

C. pumilum Chod. k Hass. Bull. Herb. Poiss. II. 7: 074. 1907. - Ecclinusa pumila 
(Chod. & Hass.) Cronquist, comb. nov. 

C. pumilum f. ylabnseens Chod. k Hass. loc. cit. - praec. 

(\ pyrifonne Willd. 8 p. PI. 1 : 1084. 1797. A substitute name for C. tuacoucou , q.w, 
supra. 

(\ ramiffonun (Mart.) A. DC. Prodr. 8: 158. 1844 Eccliuufui rami flora Mart. 

C. n tieulatinn Engl. Bot. Jalirb. 12: 522. 1890. = Pouteria ntiri/lata (Engl.) Eyma. 

(\ rufoenpremn Ducke, Arch. Inst. Biol. Veg. Rio de Janeiro 2: 07. 1935. — Ecclinusa 
rufocuprea ( Ducke) Cronquist, comb. nov. 

(\ ttputtiltfloram Poir. Encyc. Suppl. 2: 10. 1811. Nom. dub. 

(\ sch o m b n rykia n h m A. DC. Prodr. 8 : 157. 1844. r Pradosia schomburgkiana (A. DC.) 
Cronquist, com!), nov. 

(\ itlci Krause, Notizbl. Bot. Gavt. Berl. 6 : 171. 1914. = Ecclinusa Ulei (Krause) 
Gillv in herb. 

The New York Botanical (Garden 
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THE CASE OF THE VANISHING FICUS RACEMOSA 

Mary F. Barrett 

Is it possible that Ficus racnnosa, a well-described ami dearly illustrated 
species, disappeared after it had been reported more than 30 times and had 
been said to be cultivated in several botanical gardens? Why, 125 years after 
its ancestral history began, did reports of it become progressively less defi¬ 
nite? Why was the authorship of the name raeemosa often ascribed to other 
writers and texts than to Linnaeus, Sp. PI. ed. 1? What, if any, is the rela¬ 
tionship between F. raeemosa L. and F. ylomcvata Koxb.? What is the 
synonymy of the species ? 

HISTORY AND CHARACTERS OF FICUS RACEMOSA 

The development of knowledge of characters of F. racnnosa reverses the 
usual process, since the first description of the tree is the best. Later charac¬ 
terizations added few valuable facts and some incorrect statements. This 
deterioration of information must be recorded here, since it played a part 
in the disappearance of F. racnnosa. 

Almost all writers on this species agree with Linnaeus’ choice of Atty-alu 

Rheede as the prototype of F. racnnosa. This tree was described in detail and 

well illustrated by Rheede (1078) under the name of Atty-alu in the text, 

Atii-alu on the plate. The text says that it grows in sandy places ( in Malabar, 

India) and is a tall tree with a very thick trunk, thick roots spreading above 

and beneath the ground, long branches with dense foliage, and a very milky 

latex which reddens on exposure to the air. No mention is math* of aerial 

roots, although the ground roots are said to have fibrous lateral root tots. The 

petioles are stout. The blades are described as “oblong-round,” twice as long 

# 

as wide, gradually narrowed to an apical cusp, rounded at the petiole, soft, 
bare, smooth, shining green on the upper surface and bright beneath, with 
A'eins arched near the margin and reflexed, and with many transverse veins. 
Figure IB shows a typical leaf of “Atti-alu” in which some significant 
characters not included in the text are the long basal veins, the rather few 
secondary lateral veins, the lack of an inframarginal vein, and the indistinct, 
barely suggested veinlets. 

The figs of Atty-alu are “like our figs” (F. carica) in part. Many recepta¬ 
cles are clustered in the same mass, according to the text. The plate shows 
them in a leafless simple raceme growing from a lower branch which bears 
one leaf near the trunk. Some figs are almost globose and others turbinate. 
The broad apex is a little depressed around the closed mouth, and the base 

312 
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is slightly narrowed to a peduncle about 1 ein. long and 2-3 nnn. thick. The 
height and greatest width of the receptacles measure about 3 cm. The surface 
is said to be more or less hairy, and to turn from green to red. No basal bracts 
are pictured. Fruits inside the receptacle are mentioned as “grains,” and 




Pick 1. A, under surface of a leaf from a living tree labeled Ficus glomerate,; 
Miami, Florida. The left half shows the appearance of the veins in a fresh leaf; the 
right half indicates the coining apparent in a dry specimen. B, copy of a leaf of Atty-alu 
( Atti-ahi) Kheede, Hort. Mai. 1: ph x 0.75. 


illustrated, too indefinitely, in a longitudinal drawing of the inside of the fig. 
No data on flowers are given. It is stated that the tree bears edible fruit two 
or three times a year, and that its roots and figs have medicinal value. 

At the end of Rheedc’s text Syen, an editor, added a Latin name: Ficus 
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malabarensis folio oblongo, acuminata , fructu vulgari aetnulo. Sven’s poly¬ 
nomial was used by Ray (1688), with due credit to its author, as the title of 
the species; but later references to this name were connected with Ray rather 
than Syen. 

Linnaeus first mentioned the species in 1749 under the title Ficus folris 
ovatis acutis integerrimis , caule arboreo , fructu racemoso; and referred to 
Atty-alu Rhecde and to Ray. Thus he modified and added to the leaf char¬ 
acters and emphasized the type of fruit cluster. Here it should be noted that 
racemus originally meant simply a cluster and usually was exemplified by a 
cluster of grapes. Rheede did not use the word, but illustrated what is almost 
the modern idea of a raceme. Linnaeus may have had the present conception 
of that term; but some later writers evidently visualized bunches of recep¬ 
tacles when they used it. 

In 1753 Linnaeus included F. raccmosa among the seven species of Ficus 
in the first edition of Species pi ant a rum , using his polynomial of 1749 as 
description and citing Rheede and Ray. Here and in the next two editions of 
the book the name given by Rheede is spelled Alty-alu. From this time 
through 1820 most writers on F. raccmosa listed Atty-alu as a synonym, and 
almost all, except those editing or commenting on Rheede’s text, misspelled 
the name as Linnaeus’s printer had done, thus indirectly confessing that 
they were unfamiliar with its source. In 1822 Hamilton called attention to 
the incorrect orthography, but allocated Atty-alu to F . glomerata. Most later 
writers followed Hamilton’s correction, although not his synonymy. 

In the second and third editions of Species plant arum Linnaeus added 
Grossularia domcstica Rumph. as a synonym of F. raccmosa. This species has 
not been definitely identified, but Merrill (1917) has thought that it is F. 
trematocarpa Miq. or F. dcscaincana Miq. The very poor plates illustrating 
it show' an excavated trunk such as is made by epiphytic roots, aerial roots 
from the branches, leaves like those of Atty-alu , but without distinct basal 
veins, and axillary figs on leafy twigs: all characters not found in F. racc¬ 
mosa. But Grossularia domestica continued to be cited under that species 
and may be the reason why the second rather than the first edition of Species 
plant arum often has been stated as the source of F. raccmosa . 

Editions 12 and 13 (1767, 1770) of Linnaeus’s Sy sterna naturae con¬ 
tained the additional and significant statement that the tree had im pressed - 
punctate leaves sprinkled with white points. The characterization in these 
books was used also in editions 13, 14, and 15 (1774, 1784, and 1797, 1798) 
of Systerna vegetabilium and was quoted by several later writers. However, 
Gmelin’s revised 13th edition (1791) of Systema naturae , and Turton’s 
English edition (1806) of Gmelin’s work described the tree as having erect 
branches, elliptical-oblong leaves which w r ere glabrous, and pale on the under 
surface, and pedunculate receptacles: characters evidently draw r n from 
Thunberg (1786, see below). 
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Up to 1806 very few reports since Rheede's showed evidence of actual 
observation of F. racemosa , or indicated locations other than India or the 
East Indies. But Philip Miller, who later was said to have cultivated it in 
England in 1759, spoke of it in his Gardener's dictionary of that date under 
the polynomial given by Linnaeus in 1749, saying that it was a tree 25 ft. 
high, with many branches, oval-pointed, “lucid” green, smooth leaves, and 
small inedible “fruits” in clusters from the sides of the branches. In the 1768 
edition of his work lie inserted the word Racemosa after Ficus in the title. 
Aiton (1789) included F. racemosa in his book on Kew Gardens and referred 
to Miller (1759). Aiton drew his description of this actual plant from Lin¬ 
naeus (1784), and called it the Red-wooded Pig Tree. Martyn's edition 
(1807) of Miller's text shows less evidence of first-hand acquaintance, for 
he quotes Thunberg (1786) almost word for word, with the addition of 
“points” from Linnaeus (1784). The second edition of Aiton’s work (1813) 
changed the previous description of F. racemosa to one made by Willdenow 
(1806), and called the tree the Cluster Pig. Thunberg (1786) compiled, at 
some length, descriptions apparently taken from eye-witnesses. He added to 
the characters listed above under Gmelin the statements that the branches 
were ferruginous, the twigs scattered and short, the leaves 2.5-7.5 cm. or 
more in length, on petioles 2.5 and 5 cm. long, and the figs the size of a plum. 
Neither he nor Miller mentioned “points.” 

Lamarck (1788) made a detailed, but confusing summary of the species, 
first quoting the Linnean description in the Syslema and his refei'ences, 
including “ Atty-alu,' 9 and then characterizing var. [3 as having narrow 
lanceolate leaves. He cited two references for the variety, which he said was 
the Atti of the Indians. Neither reference belongs to this plant, if it is related 
to F. racemosa. Finally Lamarck described what apparently was intended 
for the type, but, as Hamilton (1822) pointed out, resembled Grossularia 
domestica. Although he added that young trees grew in the (French) Royal 
Gardens his identification seems doubtful. 

Vahl (1806) described F. racemosa as having hairy twigs and petioles, 
small substriatelv veined leaves, and sessile figs. Although his plant seemed 
to differ from the type of F. racemosa his characterization was quoted by 
Roemer and Schultes (1817) in their edition of the Systema. Link (1822), 
writing of the Berlin Royal Gardens, cited Vahl as the author of F. racemosa. 
Link may have referred to a tree mentioned by Willdenow (1809) as grow¬ 
ing in that place. Perhaps this was the plant which Kunth (1846, 1847) 
called F. racemosa (Vahl) Wilhl. and said was a doubtful species, sinee 
Kunth referred to Link, 

Willdenow's edition (1806) of Species plant arum was the first important 
work to include both F. racenlosa and F. glomerata Roxb. (1798). The de¬ 
scription of the former is a mixture of characters seemingly drawn from 
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various predecessors; including oblong-lanceolate leaf-blades (rather like 
those of Lamarck’s variety) and green dots (like those of Roxburgh) which 
he omits from his summary of Roxburgh’s species. He referred to “Aliy - 
alu,” and differentiated F. race mom, the “ grape-bearing fig,” from F. 
glomeraia, the “fasciculate fig,” by its smaller leaves as well as its'racemes. 
Otherwise few differences were stated. Willdenow was referred to by most 
later writers on F. racemosa and was listed as the author of that name by 
Persoon (1807) and Graham (3839, p. 191). Graham there reported F. race - 
mom from the Konkans in western India, but merely referred to “Alty - 
alou” and Orossularia domestic a. On p. 190 he asked whether F. racemosa 
Willd. and “ Atti-alou” were synonyms of F. ylomerata Roxb., whicli he 
described apparent^ from life, and which also grew in the Konkans. It seems 
likely that both F. racemosa and F. ylomerata of Willdenow were the species 
known as F. ylomerata Roxb. 

After 1806 reports of F. racemosa as an independent species were brief, 
partly incorrect, or suggestive of doubt as to the tree’s status. About the 
middle of the nineteenth century the name ceased to appear except rarely 
and as a doubtful synonym. 

HISTORY OF FICUS GLOMERATA 

Roxburgh (1798) described this species from the Coromandel Coast of 
southeastern India. The characterization is detailed and the accompanying 
illustration is in color. 

During the next thirty years only a few writers mentioned F. ylomerata. 
Almost all of these except Hamilton (1822) were compilers who derived their 
information from Roxburgh and so added nothing to his work. Willdenow 
(1896) probably was the first to include the species, for he was credited by 
the editors of Roxburgh (1832) with the authorship of the name, although 
his description referred to Roxburgh. Willdenow is listed in several other 
texts as the author, blit Roxburgh is cited by most writers. 

After 1830 reports of F. ylomerata increased in number and spread of 
distribution, and have continued to the present time. Illustrations were made 
by Wight (1843), Brandis (1874), and others. Specimens from Roxburgh’s 
and from another collection were included under the name of F. ylomerata, 
No. 4531 (incorrectly printed 4501) A and B, in Wallich’s catalogue (1831). 
These have been declared correctly allocated by King and others. More recent 
specimens may be found in many herbaria, and living trees have been culti¬ 
vated in places far removed from their original homes and of easier access. 
The result has been not only to increase the knowledge of the characters of 
the species, but to make possible the separation of several varieties (or 
forms), most of which were segregated by King (1887-1888). 

. Rafinesque (1838) placed F. glomeraia in the subgenus Sukeon , which 
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has not survived. Miquel (1848) located the species incorrectly in the genus 
Covellia (now a submenus). Later (1867, p. 297) Miquel transferred glomer - 
ata back to Ficus. Other synonyms will be mentioned under the alleged 
varieties. 

Two suggested but non-valid synonyms of F. glomerata were Capri ficus 
aspera latifolia Itmnph. and F. cunia Hamilton. The former probably is F. 
wassa Roxb., according to Roxburgh (1832, p. 539) and Merrill (1917, p. 
193). F. cunia is an independent species, according to Corner (1933, p. 21) 
and others. 

Homonyms of F. glomerata have been allocated as follows: Wallich, Cat. 
no. 4511 C in part to F. saemocarpa Miq., according to King (1887-1888, p. 
181); Blanco, to F. minahasscc Teysm. & De Vries, by Merrill (1923, p. 58); 
Hort. Berol. 1846, to F, frangulinu Kunth and Bouche, by Kunth (1846, p. 
19) ; Hort. Buit. ex King, to F . variegata Blurne, by King (1887-1888, p. 
169); Elmer, to F. garciae Elmer, by Elmer (1908) and Merrill (1923, p. 52). 
F. glomerata F.-Villar is doubtful, according to Merrill (1923, p. 69). 

CHARACTERS OF FICUS (JLOMERATA 

The principal characters of F. glomerata are summarized here in order 
that those of F. racemosa may he checked against them. Characters are in¬ 
cluded which belong to such so-called varieties as seem to be valid. For addi¬ 
tional details of flowers and receptacles see Corner (1933). 

Tree, usually growing near water, to 18.5 in. high, evergreen or decidu¬ 
ous according to location; trunk thick, often divided near or at the base, 
sometimes buttressed; bark thick, smootkish, gray to reddish-brown; head 
sometimes thin, branches erect and spreading, aerial roots small or absent; 
twigs bare becoming scurfy, or hairy sometimes becoming bare; latex very 
milky ; scales of terminal buds scurfy or hairy, elongating somewhat with the 
opening buds, sub-persistent; leaves alternate or sub-opposite; membranous; 
petioles 1.5-8 cm. long, pubescent to scurfy, or remaining pubescent; blades 
elliptical, ovate, or ovate-lanceolate, rarely obovate; 6-20x2-8 cm. in size 
(examples: 9.5x4, 13.5x6, 15 >5.5 cm.); apex gradually narrowed or 
slightly acuminate, obtuse; base rounded, or slightly and gradually nar¬ 
rowed with curved sides, or euneate and obtuse; margin entire or rarely 
indistinctly serrate near the apex; surfaces glabrous or hairy, under surface 
paler than upper one, minutely dotted with spots which become pale and 
tuberculate when dry; one pair of basal veins making an angle of about 80°, 
extending J to f, the length of the blade; 6-10 sets of lateral secondary veins, 
making an upper angle of 50°-60° with the primary midrib, not forking and 
uniting near margin into an inf rani arginal vein, but appearing to fade away 
in fresh leaves; in dry leaves seen to unite with the nearest secondary veins 
by transverse veinlets; an irregular reticulum and sometimes a checkered 
background visible in dry leaves; figs edible but not valuable; borne from 
tubercles on the lower part of the trunk and the main branches, on leafless, 
crooked, thick, long or short, jointed and braeted twigs; appearing to form 
fasciculate clusters or compound (rarely simple) racemes; receptacles green 




318 


BULLETIN OF THE TORREY CLUB 


[Vol. 73 


to red, downy or sometimes becoming bare, about 2-5 e,m. in diameter if 
almost globose, sometimes ovoid or obovoid and 2.5-5 cm. long, rounded at 
the apex or slightly umbonate with 5-6 apical bracts which close the mouth ; 
eventually slightly depressed or truncate at the apex and usually turbinate 
or pyriform in general shape; base more or less narrowed into a stipe sepa¬ 
rated from the peduncle by a collar of 3 basal bracts, or the stipe absent and 
the basal bracts located at the base of the body of the receptacle; peduncles 
stout, 2 mm. to 2 cm. in length, bare or pubescent; male, female and gall 
flowers in the same receptacle, male flowers bearing two stamens. 

The combination of clustered figs and diandrous male flowers places F. 
glomerata in the subgenus Neomorphe. The presence of three kinds of flowers 
in the same receptacle is almost unique in Neomorphe and so is a valuable 
distinguishing feature. Other significant characters are the red figs, the ovate 
blades which vary slightly in proportions but not much in shape, the long 
basal veins, the fading-awav of the main lateral veins and the almost invisi¬ 
ble smaller veins in fresh leaves, and the transverse and bent voinlets and 
the pale dots in dry leaves. These leaf characters are shown in most illus¬ 
trations of the species. See also figure 1 A. 

ALLEGED VARIETIES OF FICUS GLOMERATA 

F. iylomerata . The type of F. (jlomerata as described and pictured by 
Roxburgh (1798) may be separated from the summary above by its petioles 
to 5 cm. long, its elliptical blades to 16 x6.5 cm. in size, almost equally nar¬ 
rowed at the ends, glabrous on both surfaces and bearing green dots on the 
under surface; and by its almost globose receptacles about 4 < 3.5 cm. in size, 
with a rounded apex closed by scales, and a rounded, rarely narrowed base 
separated by close bracts from a peduncle to 2.5 cm. long. The only hairiness 
mentioned by Roxburgh is the “down” of the receptacle. He speaks of 
“racemes compound, or panicled,” but. illustrates only the latter type. 

The distribution of the typical variety is all India, including the sub- 
Himalaya n states to the north; Ceylon, Burma, the Malay Peninsula, and 
Indo-China. Writers on these regions and living and herbarium specimens 
add the following to Roxburgh’s characterization: ovate (although rather 
narrow) blades granulated bejneath when dry, sometimes stipitate as well as 
pedunculate receptacles, and an immature pubescence of all parts which 
eventually disappears from all except the receptacles. The other mature 
parts are distinctly glabrous and some of them are scurfy. 

F. glomerata var. chittagonga . Miquel described F. eh it t agony a from her¬ 
barium specimens collected in Chittagong. Kurz (1877) characterized it 
from that region and Burma. King named it a variety of F. (jlomerata and 
located it in Chittagong and Bengal; but later (1888b) called it a “definable 
form.” As he follows this statement with a reference to var. elongata he may 
be presumed to use “form” in the sense of forma, and not as a vague term 
of classification. Gagnepain (1928) described var. chittagonga from Annam 
and Laos, Indo-China. Specimens 3953 and 11836 of the Herbarium of the 
Paris Museum, collected in Annam and Laos respectively by the same collec¬ 
tor (Poilane) of whom Gagnepain spoke, and studied at the New York Bo¬ 
tanical Garden, are probably of chittagonga, although labeled F. glomerata . 
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A specimen of Corner’s, Singapore Field No. 26]35, resembles No. 11836 
and may be Ihe original of his description (1933) of F. glomcrata. 

From the above sources chittagonga apparently is characterized by an 
ovate blade, a smaller pyriform receptacle than that of the type, and a hairy 
peduncle 2-8 mm. long. There is a general white-hairiness of all immature 
parts which eventually almost disappears, but which seems more pronounced 
than in the type. But three specimens of F. glomcrata from the Punjab, seen 
in New York, showed a similar white-hairiness, and one of them an ovate 
blade. A receptacle and peduncle resembling that of No. 3953 (above) was 
found in W. Koch 1333. 

The conclusion of this paper is that chittagonga is not a variety but 
merely a white-hairy form, and that it is not confined to the regions men¬ 
tioned above. Consequently its distribution has been added to those here 
given for the typical form. 

F glomcrata vars. miguclii and goolcrcca. King (.1887-1888, p. 174. pi. 
31H K) created var. miguclii , saying only that it had leaves like those of F. 
glomcrata proper and densely white-pubescent, receptacles, and that it was 
found in dry situations over plains of India and west into the Punjab. He 
gave F. goolcr<ca Roxb. as a possible synonym. His plate shows a leaf which 
slightly resembles that of the typical F. glomcrata , and globose axillary figs. 
2.5 cm. in diameter and bearing an erect crown of bracts at the apex. It is 
hard to imagine how a species with only axillary receptacles can be included 
in subgenus Ncomorphc. Later (1888b) King omitted var. miguclii , although 
he was writing of Indian species of Ficus. 

F. goolcrcca was first listed by Roxburgh in 1814 and was placed under 
the heading of trees having solitary or paired receptacles. The species was 
validly described in Roxburgh, FI. Ind. 3: 538. 1832. It was said to have 
opposite, serrate, downy, obovatc leaves; and “fruits’ 1 in axillary pairs, 
Jong-peduncled, nearly globose, downy and with an elevated scaly margin. 
Twenty pages in this book separate F. goolcrcca from F. glomcrata. Although 
this species seemed to differ from Ncomorphc it was spoken of as a “defina¬ 
ble form 11 by King (1888b), as a synonym of F. glomcrata by a few writers, 
and as one of the varieties of that species by Domin (1921). No specimens 
have been seem by me and the allocation appears insufficiently verified by 
authorities. 

F. glomcrata var. mollis . HI it pi el described this as Corel! ia mollis , basing 
it on a Javan specimen. At first he declared that the receptacles were axil¬ 
lary, but later (1867. p. 283), having examined specimens from Sumatra and 
Timor lie stated that the figs were mostly subraeemose on leafless branches. 
At this time lie transferred the species to Ficus and cited the herbarium 
name F. trichocarpa as a synonym. 

When King made var. mollis lie said only that it was pubescent on both 
blade surfaces and was native to Java. Later (1888b) he mentioned it as a 
“definable form.” Koorders & Valeton (1906) accept King’s variety, but 
also speak of it as perhaps a form of var. clougata , with which it is found in 
some stations. However, Koorders (1912) mentions var. mollis King, and 
the AtJas of Koorders & Valeton (1916, pi. 7S1) shows a diagram of the 
trunk of var. mollis which branches above the base, in contrast to one of var. 
elongala King, which divides at the base. 

A specimen seen in New York, no. 1032 of Plants of Sumatra , W. N. and 
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C. M. Banghain, collectors, evidently is this variety, although labeled F. 
glomerata. The leaf has a petiole 4.3 cm. long, and a blade 15 x 5.5 cm., nar¬ 
rowed at each end, with almost equal apical and basal halves, and the typical 
veining of F. glomerata . There are about 10 sets of lateral secondary veins. 
The body of the receptacle measures about 3 x 2.5 cm., is slightly depressed 
at the apex, and is narrowed at the base into a peduncle 5 mm. long, which 
grows from a tubercle on a branched raceme. The tree, according to the label, 
was 12 m. tall, and the fig w r as light green. But specimen no. 938 of the same 
collection and collectors had red figs. All parts are white-hairy except the 
mature blades and wood. 

Domin (1921) speaks of this as F. glomerata var. mollis , and other 
writers cite F. mollis Miq. as a synonym of F. glomerata. 

F. glomerata var. elongata was characterized by King as having oblong, 
acute leaves 17.5 cm. long, and receptacles near F. lanceolata , but “not 
ridged not warted.” This phrase is expressed in such poor English that it 
may have been misprinted. Perhaps it should read “ridged, not warted,” 
since Koorders & Valeton (3916, pi. 781) show' receptacles which answer 
that description. 

Koorders & Valeton (1906 and 1916) have characterized this variety, 
and have allocated to it the insufficiently described and long misunderstood 
F. luccscens Blume, and Urostigma luce see ns (Blume) Miq. Var. elongata 
has long, narrow r blades like those of var. mollis , but glabrous or becoming 
so. The petioles may reach 4 cm. in length. The globose or obovoid recepta¬ 
cles measure about 4.5 cm. in greatest diameter, have an apex closed with 
five bracts and a base narrowed a little to a thick peduncle at least 1.5 cm. 
long. The authors state the distribution as Java and Sumatra and assert that 
varieties mollis and elongata are the only representatives of F. glomerata in 
Java. Domin (1921) also accepts this variety. 

The position of F . vesea. Ficus vesca is an herbarium name given to an 
Australian tree by F. von Mueller, but published by Miquel. It has been used 
also by Domin (1921). 

Most Australian writers, however, have called the tree F. glomerata 
Willd., and have cited F. vesea as a synonym. Although Domin confirmed 
the connection of F. vesea with the so-called Australian F. glomerata lie was 
not sure that the latter was the same as the Indian F. glomerata Roxb. But 
Hiern (1901) applied the authorship of Roxburgh to the Australian F. 
glomerata and vindicated it/by a characterization of leafless “flowering” 
twigs from trunk and large branches, “flowers in racemes,” diandrous male 
flowers, and the presence of both male and female flow'ers in the same recep¬ 
tacle. The force of this last character is weakened by the statement that the 
female fknvers all are occupied by gall insects; since it is common for male 
and gall flowers of Ficus to be found together. Nevertheless, the combination 
of other characters indicates the relationship of the Australian to the Indian 
form. 

Hiern did not refer to F. vesca , but described receptacles of the sort 
illustrated by F. M. Bailey (1913, pi 495). This description, taken from 
Daniel Solander’s notes, w r as of a tree which had been found in New r South 
Wales in 1770 by Sir Joseph Banks and had been given the herbarium name 
of F. caudiciflora by Solander. The text which accompanied Bailey’s plate 
(p. 504) listed both F. vesca and F. caudiciflora as synonyms of F. glomerata 
Willd. and referred to Hiern. 
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But vexed is riot a synonym of F. glomcrata proper, for its leaves measure 
about 15 x 6 cm., are more nearly ovate, and more frequently have a rounded 
base. Its red figs measure about 2.5-5 cm. in length. They are ovoid, obovoid, 
or oblong, have about 10 apical bracts, and may have a short basal stipe sepa¬ 
rated by a collar of basal bracts from a peduncle about 1 cm. long. Leaves 
like those pictured by Bailey were seen by me in an Australian specimen in 
the Arnold Arboretum. There the fig was of the same shape, but had a shorter 
peduncle and no stipe. 

The distribution of vexca is Queensland, New South Wales, and the 
Northern Territory. 

COMPARISON OF CHARACTERS OF FICUS RACEMOSA AND 
FICUS GLOMERATA 

Both distribution and the characters of the acceptable varieties of F. 
glomcrata show that it is with the typical form that F. raccmoxa should be 
compared. 

Almost all characters reported for F. raccmoxa are included in a descrip¬ 
tion of the type of Roxburgh’s species. Exceptions are: location in sandy 
soil | but Nehrling (1944) stated that F. glomcrata in Florida grew well in 
dry soils], red color of cortex and latex when exposed to air, the scattered 
short twigs mentioned by Thunberg (but perhaps omitted by other writers 
because they seemed unimportant or variable), the tender soft leaves (per¬ 
haps the same as membranous ), and the sessile figs spoken of by Valil (but 
corrected by Smith in 1810). Of course the most striking difference is in the 
racemose (dusters of F. raccmoxa. The differences in interpretation of that 
adjective have been already mentioned. Corner’s very full description of 
receptacle-bearing twigs gives some suggestion of racemes, and rcsca is said 
to have subracemosc clusters. Unfortunately no adequate descriptions of 
flowers seem to have been published for F. raccmoxa. 

Finally, a study of herbarium specimens and of living trees of F. glomcr¬ 
ata has resulted in the finding of leaves (see figure 1 A) and figs, and even 
a part of a cluster which appeared like a simple raceme; all resembling those 
of F. raccmoxa. 


ADDITIONAL EVIDENCE FROM LITERATI'RE 

Literature furnishes evidence in addition to the characters just dis¬ 
cussed: evidence perhaps not always conclusive, but at least significant. 

1. Atty-alu Rheede is almost universally accepted as the basis for F. race¬ 
mosa. It was located on the southwest coast of India not too far from the 
latitude of the Coromandel Coast on the southeast. F. glomcrata now has 
been reported from most sections of India, including the south and the 
Bombay region. 

2. Atty-aln, when run through Corner’s key to Malayan species of 
Vovdlia and Neomorphe , the two subgenera of Ficus which are characterized 
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by clusters of figs on trunks and branches, leads to F. glomerate. No other 
species there described lias its combination of size and shape of receptacle, 
and length of peduncle. 

3. Atty-alu is suggested or cited as a synonym of F. glomerate by Hamil¬ 
ton (1822), who said that Roxburgh so considered it; by Kosteletzky (1.831), 
Graham (1839), Pritzel (1855, 1866), and Balfour (1*862, 1870). * 

4. Trimen (1885) said that Atti is a vernacular name in Ceylon for F. 
glomerate . 

5. Very few scientists stated that they had seen F. racemose L. 

6. The reports of that species in botanical gardens were unsatisfactory. 

7. F. racemose ; Willd. (which, however, may not be F. racemose L.) is 
suggested or cited as a synonym of F. glomerate by Hamilton (1822), 
Graham (1839), and Balfour (1862, 1870). 

8. F. racemose Aiton (1813) was said by Hamilton (1822) to be F. 
glomerate. 

9. F. racemosa lib. Wight in Wall. Cat. n. 4349 was said by King (1887- 
1888, p. 173) to be F. glomerate Roxb. 

10. F. racemosa Hb. Rottler in Hb. Ivew was said by King (1887-1888, 
p. 183) to be F. glomerate Willd. 

11. Reports of F. racemosa began to die out many years after F. glom¬ 
erate was first described. 


CONCLUSIONS 

1. Evidence from descriptions of Atty-alu Rheede, the prototype of 
Ficus racemosa L.; from descriptions and reports of F. racemosa; from 
descriptions, herbarium specimens and observation of living trees of F. 
glomerate; and from opinions expressed in literature as to these species 
proves that F. glomerate Roxb. belongs to the species F. racemosa L. 

2. The reasons for the disappearance from botanical literatim* of F. race¬ 
mosa probably are: the scarcity of first-hand observation of the species, the 
emphasis in descriptions on tli-e cluster as a raceme and the change in origi¬ 
nal meaning of racemes from a usually grape-like cluster, and the announce¬ 
ment of the species F. glomerate in which the fruiting cluster almost never 
was a raceme. 

3. Four varieties of F. racemosa are here recognized. Var. typica. the 
original F. glomerate , corresponds to F. racemosa L. It is native to India, 
Ceylon, and the countries east of the Bay of Bengal. It is eventually an 
almost entirely glabrous tree, with ovate or elliptical leaf-blades. A form, 
chit tag on go, is more persistently hairy. Var. vesca is native to Australia. 
It has ovate blades and ovoid or oblong, usually stipitate, figs. The varieties 
of Sumatra, Java and Timor are mollis and cion gala. They are characterized 
especially by their long narrow elliptical blades. The former variety is hairy; 
the latter eventually glabrous. 
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4. The alleged varieties miquelii and goolereca are rejected. 

5. The synonym of F. racemosa and its varieties is as follows: 

Ficus racemosa L. Sp. PL 1060. 1753. 

Ficus racemosa L. var. typica Barrett, var. nov. 

Atty alu Rheedo, Hort. Mai. 1: 43. pi. ,25. 1678. 

Finis malabarensis folio obhmyo, acuminata, frucin rulgari acmulo Sven, in Rheede, 
Hort. Mai. 1: 44. 1678. 

Ficus foliis ovatis acutis integcrrimis , caulc urborco , fructu racemose L. Amoen. Acad. 
1: 30. 1749. 

Ficus glomerate Roxb. PL Corom. 2: 13. pi. 1,2$. 1798. 

Covellia glomerata (Roxb.) Miq. Loud. Jour. Bot. 7: 465. 1848. 

? C. racemosa (L.) Walp. Ann. 1: 731. 1848-1849. 

F. ehittagonga Miq. Ann. Mus. Bot. Lugd.-Bat. 3: 228. 1867. 

F, glomerata var. ehittagonga (Miq.) King, Ann. Bot. Gard. Calcutta 1: 174. pi. 219. 
1888. 

Ficus racemosa var. elongata (King) Barrett, comb. nov. 

F. htrescens Blnnie, Bijdr. 444. 1825. 

Vrostigma lucescens (Bluino) Miq. FI. I ml. V: 341. 1859. 

F. glomerata var. elongata King, Ann. Bot. Gard. Calcutta 1: 174. 1888. 

Ficus racemosa var. mollis (King) Barrett, comb. nov. 

Covellia mollis Miq. Loud. Jour. Bot. 7: 466. 1848. 

F, mollis (Miq.) Miq. Ann. Mus. Bot. Lugd.-Bat. 3: 283. 1867. (Not Vahl.) 

F. iriehoearpa Jib. Mus. Paris, ox Miq. Ann. Mus. Bot. Lugd.-Bat. 3: 283. 1867. 

F. glomerata \ar. mollis King, Ann. Bot. (bird. Calcutta 1: 174. 1888. 

Ficus racemosa var. vesca (Muell. ex Miq.) Barrett, var. nov. 

F. resea Muell. ox Miq. Jour. Bot. Xoorl. 1: 243. 1861. 

F. glomerata of Bontbam and many other writers on Australia. 

F. candid ft ora Kolandor MS ox Iliorn, Jour. Bot. 39: 5. 1901. 

The library work for this paper lias been done mostly at the New York 
Botanical Garden. Herbarium specimens have been examined there and at 
the Arnold Arboretum, the State Agricultural Experiment Station at 
Gainesville, Florida, and the Knifed States National Herbarium in Wash¬ 
ington. Living trees have been studied at the Knifed States Plant Introduc¬ 
tion Station at Chapman Field, south of Coconut Grove, and on the estate of 
Mrs. Charles T. Simpson in Miami, Florida. 1 am grateful for the permission 
to use these facilities and for the help given me by those in charge of them. 
Montclair, New Jersey 
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STUDIES IN THE CARYOPHYLLACEAE—I 

Bassett Maguire 

To make them immediately available for use by Mr. I. W. Clokey for his 
Flora of the Charleston Mountains, the following: proposals of new entities 
or combinations have been extracted from more detailed papers. The fuller 
supporting considerations will appear as publication date becomes available 
for them. 

Arenaria filiorum Maguire, sp. nov. Plantae anuuae; caulibus tenuis, 
numerosis, 2-5 cm. altis; foliis 5-10 mm. longis, triquetribus, subcrassulis, 
1-nerviis, obtusis; infloreseentibus 1-pluribus floribus; cvmis non symmetri- 
calibus; sepalis 3.5-4.8 mm. longis, ovato-laneeolatis, valde 3-nerviis, stylibus 
3 (4) ; capsulis chartaceis, ovatis, ad basim dehiscentibus; seminibus numero¬ 
sis 0.7-1.0 mm. longis. 

Type: Common, gravelly beach, Navajo Lake, Iron County, Utah, July 
13, 1940, Maguire 19472. New York Botanical Garden. 

Arenaria congesta Nutt, ex Torr. & Gray var. charlestonensis Maguire, 
var. nov. Caulibus 10-12 cm. altis; foliis 1.0--1.5 cm. altis, 0.5-0.8 mm. latis, 
recurvatis vel aculeatis, basilaribus; infloreseentibus dense eongestis; sepalis 
4.5-5.5 mm. longis, acutis, pungentibus. 

Type: Harris Spring Summit Road, 18 mi. south Kvle Canyon, 8500 ft., 
Charleston Mountains, Clark County, Nevada, August 2, 1938, Train 2256. 
New York Botanical Garden. 

Arenaria macradenia S. Wats, subsp. macradenia Maguire, subsp.nov. 
A. macradenia S. Wats. Proc. Am. Acad. 17: 367. 1882, as to type. 

Arenaria macradenia S. Wats, subsp. macradenia Maguire var. macra¬ 
denia Maguire, var. nov. A. macradenia S. Wats. Proc. Am. Acad. 17: 367. 
1882, as to type. A. congesta var. macradenia (S. Wats.) M. E. Jones, Proc. 
Cal. Acad. II. 5: 626. 1895. A. Fendleri var. glabrcscens S. Wats, in Bot. 
King’s Expl. 5: 40, in part. 1871. 

Arenaria Kingii (S. Wats.) M. E. Jones subsp. rosea Maguire, subsp. 
nov. Caudieibus pauciramosis; infloreseentibus strictis, paucifloribus; peta- 
lis roseis. 

Type*. Hilltop, yellow pine belt, Lee Canyon, 2600 m.. Charleston Moun¬ 
tains, Clark County, Nevada, August 4, 1935, 7. W. Clokey 5560. New York 
Botanical Garden. 

The New York Botanical Garden 
New York 
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A PHYSIOLOGICAL, AND BIOCHEMICAL BASIS FOR 
. RESEARCH ON FUNGICIDES 

David Gottlieb 

The necessary relationships between the lethal or static effects of some 
chemicals on fungi and the physiological and biochemical reactions of these 
organisms are often overlooked in the development of new fungicides. Yet a 
knowledge of these processes might furnish a rational basis for research on 
fungicides. A substance must have many specific properties to be an efficient 
toxin for fungi and these properties will vary with the commercial purpose 
for which the chemical is used. Nevertheless, one primary attribute is com¬ 
mon to all fungicides no matter what their use; the chemical must be detri¬ 
mental to the fungus. Most often, this is accomplished by preventing spore 
germination, sometimes by preventing growth or by the destruction of the 
mycelium, and it is possible that occasionally the prevention of reproduction 
could check the spread of the fungi. 

Current techniques for the discovery of new fungicides are mainly em¬ 
pirical and are largely a matter of trial and error. The net is spread wide in 
the search for new toxic compounds and almost any chemical which is avail¬ 
able is tested. Sometimes each new chemical which is produced in industrial 
laboratories is assayed for fungicidal properties as a matter of general rou¬ 
tine. At other times the direction of research is guided by the nature of an 
industry’s by-products in an attempt to find a use for such materials. Often 
the known toxic properties of chemicals toward other organisms such as bac¬ 
teria and insects determine the types of materials which are synthesized. 
When a compound with good fungicidal properties is found, the efforts of 
the research group are intensified toward the production of its homologues 
and analogues, in a search for greater fungicidal power and for other prop¬ 
erties, Many such related compounds are then synthesized to discover the 
functional groups in the molecule which are responsible for its toxicity. 
Attempts have been made to correlate the structure of organic compounds 
with their toxicity in the hope of discovering meaiis of predicting the toxic 
properties of a chemical. Until now this goal has not been realized and such 
relationships between structure and toxicity remain unknown for the most 
part. Slight changes in a molecule often greatly alter its fungicidal proper¬ 
ties, and the combination of two toxic groups in a compound might not only 
fail to increase its toxicity, but might even decrease it. 

What are the reasons for our dependence upon purely empirical methods 
in the search for more efficient fungicides? One of these factors has been the 
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paucity of information available on the physiology of the fungi. This void in 
our knowledge of the intimate life processes of the very organisms which we 
are seeking to attack has forced the investigator in the past to rely upon gen¬ 
eral protoplasmic toxins, such as the copper and mercury compounds, which 
were supposed to precipitate proteins (12) ; but even with these the nature of 
toxic activity remained a mystery. To fill the gap and allow a reasonable ap¬ 
proach to the fungicide problems, attention should be directed to the funda¬ 
mental structure and metabolic processes of the fungus. Horsfall and Zent- 
meyer (10) adopted a rational approach of this type for the study of fungicide 
activity. They determined a number of generic compounds which normally 
occur in all cells, and then tested the toxicity to fungus spores of various re¬ 
agents which are used for the analysis of these materials. These reagents were 
found to possess good fungistatic properties. A more exact knowledge of the 
fungus is, however, necessary to make such studies fruitful. Interest, as far as 
possible, should be centered not only on the characteristics common to all liv¬ 
ing cells, but also upon their specific modifications and biological transforma¬ 
tions within the fungus. What is sought in agricultural sprays and dusts 
are materials which injure the fungus spore while not materially affecting 
the host plant. Differences in physiology between host and pathogen are im¬ 
portant and it is upon the presence of such differences that the ideal fungi¬ 
cide, which is not injurious to the host plant, will be synthesized. 

Attention should be directed especially to the spore, if protectants against 
fungi are sought. The purpose of most fungicides is to prevent the entrance 
of the fungus into the host or the production of mycelium, by inhibiting the 
germination of the spores. Too often germination is considered merely as an 
absorption of water resulting in the dilution of the protoplasmic elements of 
the spore with a consequent swelling of the cell to produce the germ tube. 
This interpretation would be analogous to the swelling of colloidal substances 
in contact with water. However, germination is a more delicate and dynamic 
process. Even before any visible sign of a germ tube is evident, respiration 
takes place in the spore (15). The metabolic processes function even in this 
early stage of development and food reserves of the cell furnish energy and 
material for growth. Some spores, such as those of Sclerotinia fructicola , 
require an external source of carbon such as dextrose or alcohol for ger¬ 
mination (13). Very low concentrations of mineral salts at times enhance 
the germination of spores, and antagonistic effects of different salts have 
been recorded. The presence of many of the physiologic processes normally 
associated with growth is thus indicated in the spore, before growth is micro¬ 
scopically evident. Specific compounds for disturbing such processes would 
then be the goal of fungicide research. 

Information on the composition of the cell wall and the cell membranes, 
and on their permeabilities, could also be valuable in the synthesis of fungi- 
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cides. It would provide the data for the synthesis of organic chemicals which 
contain the proper balance of hydrophilic and hydrophobic groups, to insure 
the passage of the toxic molecules through the cell membranes and their 
arrival at the seat of specific protoplasmic activity. 

Recent investigations on the therapeutic activity of 8-quinolinol in the 
wilt diseases (21) indicate the importance which a knowledge of the mineral 
nutrition of the fungus can play in the treatment of diseases. When 8-quino- 
linol was added to the medium the growth of Fusarium oxysporum f. lyeo- 
persici w r as inhibited; but when an excess of zinc was added, the Fusarium 
grew well. The explanation was proposed that the zinc is necessary for the 
growth of the fungus and that it is precipitated by the reagent, thereby 
depriving the fungus of an essential element. 

Another area of knowledge in which our information of the fungi is 
limited is the vitamin requirements of these organisms and their role in the 
respiratory and metabolic mechanisms. Except for vitamin and biotin 
little information is available on the fungal relationships of the other coen¬ 
zymes, though some studies have been conducted on riboflavin. The fat- 
soluble vitamins also have been neglected. Information on the vitamins 
essential to fungi, whether synthesized by the organism itself or obtained 
from its nutrients, could play an important part in furnishing valuable 
dues for the synthesis of fungicides. Altering the structure of a vitamin to 
produce analogues of that compound sometimes converts the material into 
an antivitamin which inhibits the growth-promoting activity of the original 
compound. Robbins (17) showed that pyrithiamine, the pyridine analogue 
of thiamine, inhibited the growth of some fungi. The substitution of a 
dulcityl for a ribitvl group in the molecule of riboflavin converts the com¬ 
pound into galactoflavin, which inhibited the growth of rats (2). Other 
analogues are known to have antivitamin properties for animals (3). Merely 
supplying an adequate excess of the vitamin usually overcomes the detri¬ 
mental effects of an antivitamin (20). Such relationships may exist for vita¬ 
mins still unknown but peculiar to some fungi. If their presence in fungi 
W'ere ascertained, one direction of fungicide research could be the develop¬ 
ment of antivitamins for use as fungicides. Unpublished studies by the writer 
have indicated the absence of vitamin C in some fungi, yet this vitamin 
occurs in most plants. Might not the converse of this occur and a vitamin be 
found which is essential to and manufactured by the fungus but not essen¬ 
tial to its host? Such a relationship would furnish a target at which the 
research for therapeutic agents as antivitamins could be directed. Then, if 
an inhibitor for this growth promoter was found it could be injected into 
the host and prevent the growth of the fungus while not disturbing the 
metabolism of the host plant. 

The enzyme systems of the fungi also deserve more intensive study. 
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Many of the hydrolyzing enzymes have been identified but, except for the 
yeasts, information on the respiratory enzymes is very scarce. The specific¬ 
ity of enzyme poisons is very acute and such toxins can even selectively 
inhibit different respiratory enzymes in the same system. Potassium cyanide 
and sodium azide will block the activity of the cytochrome oxidases, while 
phenyl urethane and amyl alcohol inhibit the dehydrogenases (12). It is 
probable that the activity of many of our bactericides and fungicides is due 
to their ability to combine with an enzyme and so inhibit its activity. Even 
the activity of the mercury compounds, whose fungicidal properties have 
been attributed to their precipitating action upon proteins, may instead be 
specific enzyme inhibitors. An intimate investigation of the bactericidal 
effect of such compounds (4) has revealed that the toxic activity of mercury 
compounds could be prevented by the addition of the omnipresent tripeptide, 
glutathione, and indicates that mercury plays a more specific role in inter¬ 
fering with the oxidation-reduction mechanisms of the living cell than is 
sometimes considered. Hellerman, Chinard, and Dietz (8) showed that 
organic mercurials combined with the sulfhydril groups of urease and in¬ 
hibited its activity. Another mode of action of a fungicide could be its com¬ 
petition with an enzyme for some essential metabolite, or with an essential 
metabolite for an enzyme itself, as has been indicated for the bacteriostatic 
action of the sulfanamide drugs which compete with p-ainino benzoic acid 
(16). Enzyme systems have a vital function in almost every life process. 
One of the most vulnerable systems and the one about which more informa¬ 
tion is available than any other is the enzymes of intermediate carbohydrate 
metabolism. This chain of degradation can be blocked at many points. In¬ 
formation of the paths of degradation of glucose in both the pathogenic 
fungi and their green host plants (and many possible paths are knowm) 
would indicate whether such differences could be utilized by specific enzyme 
poisons to block the respiration of the parasite and not impair the vigor of 
the host. A knowledge of tjie enzyme systems may be useful in a still differ¬ 
ent manner. Instead of hindering the activity of such systems, therapeutic 
advantage might even be obtained by promoting an enzyme process (14). 

Recent developments in the field of antibiosis have indicated another 
approach to the development of fungicides which is dependent upon our 
knowledge of the biology of the organism. Some of the antibiotics, such as 
elavacin (5, 11) and gliotoxin (19) are toxic to fungi. Brian and McGowan 
(1) recently isolated a new compound from Trichoderma viride which is one 
hundred times more toxic to spores of Botrytis allii than is mercuric chlo¬ 
ride. Studies on the structure of the antibiotics to reveal the particular 
group responsible for their fungistatic activity, and their mode of action, 
could indicate types of synthetic organics which might be even more toxic 
than their naturally occurring homologues. Geiger and Conn (5), for ex- 
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ample, observed that both clavacin and penicillic acid contained an a, (3 
unsaturated ketone, a grouping which readily combines w r ith sulfhydril 
groups. The knowledge that these antibiotics were also inactivated by cys¬ 
teine led the investigators to the hypothesis that .synthetic organic chemicals 
of similar structure should be good fungicides. Several such materials were 
found, of which acrylophenone, benzalacetophenone, and furfuralacetophe- 
none proved effective, and also reacted w r ith sulfhydril groups. Acrylophe¬ 
none especially had marked fungistatic power, with an activity in the same 
order as clavacin. 

Many other physiological factors, either chemical, physical, or their 
combination in the fungi, deserve closer study. Very little is known of the 
electric charge on a spore. Studies by Seifriz and Gottlieb (18) on the 
cataphoretic behavior of spores indicated differences between Rclerotinui 
fructicola and Fusarium oxysporum f. lycopersici. Such differences might 
influence the behavior of charged organic fungicides and determine the rela¬ 
tive effectiveness of particular fungicides such as the cationic quaternary 
ammonium compounds against spores of two species. The redox potentials 
in fungi have received little scrutiny, yet they are of utmost importance in 
the energy transformations of the cell. The efficiency of one fungicide, 
Spergon (tetrachloroquinone), an excellent seed treatment, has been linked 
to its oxidative properties (9). Attention should also be focused on the sur¬ 
face phenomena in these microorganisms and the effect on the spore of 
various reagents which alter surface tension. 

One of the puzzling phenomena encountered by plant pathologists is the 
specificity of fungicides. Tn the laboratory assay this specificity is expressed 
as differences in concentration of a chemical which is necessary to inhibit 
spore germination of different species. Often the concentration of chemicals 
required to inhibit germination of Maerosporium sorcinaeforme is as much 
as sixteen times that required to inhibit Sale rot ini a fructicola . This phe¬ 
nomenon cannot be entirely explained by the large size of the spore of the 
former compared to that of the latter, for occasionally the converse occurs 
and a greater concentration of another material is necessary to inhibit $. 
fructicola than M . sardnaeforme, Glomcrdla cingulata , with small spores, 
is relatively tolerant to hydrogen sulfide, while the larger spores of S. fructi¬ 
cola are very susceptible (9). Similar differential effects of protective sprays 
on two pathogens have been reported in field studies. This sometimes occurs 
even w T hen both pathogens are parasites of the same host. A recently devel¬ 
oped fungicide, zerlate (zinc dimethyldithiocarbamate), very efficiently con¬ 
trols the early blight of potatoes but is only moderately effective against late 
blight of potatoes (7). Do some fungi possess protective reactions against 
toxins, such as have been demonstrated for animal tissues? The tolerance of 
a fungus to a particular chemical could be due to its ability to oxidize, to 
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reduce, or to combine the toxicant with some normal constituent of its proto¬ 
plasm. It might thereby form an innocuous substance which can be metabo¬ 
lized or eliminated by the organism. The mammalian body makes use of all 
three protective devices; cyclohexane is oxidized to adipic acid, quinone is 
reduced to hydroquinone, and benzoic acid is conjugated with glycine to 
form hippuric acid (6). 

The emphasis on fundamental studies in the physiology and biochem¬ 
istry of the fungi as an aid to fungicide development is not proposed as an 
alternative method to the current empirical research. It is suggested, rather, 
as a guide for such investigations into areas of biochemical reactions which 
are concerned with the vital processes of the fungus and where the empirical 
methods could be most effectively employed. In addition, fundamental studies 
of the living organism can furnish clues on the type of organic molecule 
which effectively inhibit the biochemical reactions necessary to the life of 
the organism. Finally, such research can put plant protection on a basis of 
rational scientific principles. 

Department of Horticulture, University of Illinois 
TJrbana, Illinois 
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NOTES ON THREE SOUTH AFRICAN RUSTS 

M. J. Thirumalachar 1 

Some collections of rusts were received by the writer from the Myco- 
logical Herbarium of the Union Department of Agriculture. South Africa, 
through the kindness of Dr. A. M. Bottomley and Dr. E. M. Doidge. Before 
the material was incorporated in the writer’s herbarium a brief study of 
it revealed certain interesting features. Observations pertaining to three of 
the rusts included in the collections are presented in this paper; they refer 
either to finding of new spore forms unrecorded in the original description 
of the species, or to the identity of the rust based upon the morphology of 
the spore forms as interpreted by the writer. 

(1) A rust collection on Grewia monticola Sond. was sent to the writer 
tentatively identified as Ravenelia atrides Syd. (U.D.A. No. 32401). The 
type of Ravenelia atrides was collected by Pole Evans from South Africa 
on the leaves of Grewia caffrac, and is of interest on account of the fact that 
it is the only species of Ravenelia to parasitize a member of the Tiliaeeae; 
most of the other species of the genus are parasitic on Euphorbiaeeae or 
Leguminosae. While an authentic specimen of R. atrides was not available 
for study, a detailed examination of the specimen sent to the writer revealed 
that it was not congeneric with Ravenelia and therefore warranted restudy. 
Small bits of the leaf containing the sori w^ere softened and embedded in 
paraffin, and good microtome sections w-ere obtained. The sections were 
stained with Delafield’s haematoxylin and permanent mounts v r ere made. 

The uredia are minute, sparsely distributed, erumpent, and pulverulent. 
They are paraphysate, the paraphyses marginal and incurved. The uredio- 
spores are ovate-ellipsoid, cinnamon-yellow, 20-26 x 15-20 p. The epispore 
is hyaline, minutely and densely verruculose with indistinct <rerm pores 
(fig. 2). The telia are developed either in place of the uredia, in wdiich case 
the marginal row of paraphyses is retained, or separately, in which case they 
are aparaphysate. In a young telium the teliospore mother-cells are grouped 
deep within the mesophyl! tissue. These mother cells abstrict in basipetal 
succession chains of one-celled teliospores which adhere permanently both 
vertically and laterally to form a compact columnar crust. The apex of the 
teliospore head becomes expanded to form a flabelliform structure (fig. 1). 
These cushion-like heads of telia are usually single in each telium but very 

i This paper was transmitted to the oditor through the kindness of I)r. George B. 
Cummins, of Purdue University. In order to avoid long delay in publication, he has also 
cooperated in the reading of the proof and in certain minor editorial changes. 

346 




1946] 


TH1RUMALACHAR: SOUTH AFRICAN RUSTS 


347 


rarely more than one occurs in each sorus. They are approximately 130-167 p 
high, 130 to 154 \x broad at the apex, and about 83-90 p broad at the base of 
the telial head. TQhe mature spores are sessile, one-celled, developed in catena¬ 
tions in basipetal successsion, yellowish-brown, smooth and measuring 11.5- 
21 x 8-12 p. The apex of the terminal spores in the chain is thickened. In 
addition to the compact grouping of the teliospores, a thin layer of hyphal 
sheath (fig. 3) is found enveloping the telial crust which is found to impart 
rigidity and to retain the shape of the telial head. The structure of the telium 
clearly indicates that the rust is congeneric with Dasturella, recently de¬ 
scribed by Mundkur and Ivheswalla (1943). The genus is characterized by 
subepidermal paraphysate uredia, the paraphyses being eylindric and in¬ 
curved ; and by possessing telia which are subepidermal, erumpent, with 



Fig. 3. Telium of Dasturella Grewiae. x 300. Fig. 2. Vrediospores of I). Grewiae . 
x500. Fig. 3. Margin of a telium of D. Grewiae showing the hyphal sheath which sur¬ 
rounds the telium. x 500. Fig. 4. Teliospore head of Spumula liottomleyae . x 500. 

teliospores fascicled into large flabelliform crusts. Only two species are 
known for the genus so far, both of them leaf-parasites of bamboo. From 
a study of the structure of the uredium and teliuin, the South African rust 
on Grewia motif kola is doubtless a species of Dasturella . 

From a specimen collected by Chevalier on Grewia sp. near Senegal, 
Africa, Cummins (1945) has recently described Phakopsora Grewiae (Pat. 
& Har.) Cummins as the perfect stage of Vredo Grewiae Pat. & Har. A 
small fragment of Doidge’s collection of the Grewia rust (No. 32401) was 
sent by the writer to Dr. Cummins with the writer’s remarks that it is a 
species of Dasturella . Through his kindess it was made known to the writer 
that the South African rust on Grewia montkola is identical with the 
Chevalier’s collection studied by him and would therefore constitute the 
perfect stage of Vredo Grewiae Pat. & Har. It becomes clear, however, from 
the characters of the telia, that it is not a typical Phakopsora . 
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In the description of the genus Dasturella, , Mundkur and Kheswalla 
(1943) state that the teliospores appear not to be one-celled and eatenulate 
but are continuous structures composed of 3-6 superposed cells. This indi¬ 
cates that all the cells in a vertical row are of the same maturity. However, 
a study of the type of the genus, D. divina (Syd.) Mundkur & Kheswalla, 
obtained from the Herb. Crypt. Ind. Orient., and of fresh specimens col¬ 
lected in Mysore indicated that the spores in a vertical row are of different 
maturity and that new spores are added from the base in basipetal succes¬ 
sion. Consequently the spores are one-celled and eatenulate. The genus is 
distinguished from Angiopsora Mains in having an erumpent telium which 
is naked and flabelliform, as against the non-erumpent, lenticular telial 
crust of Angiopsora. On account of the possession of the characters men¬ 
tioned above the rust on Grcwia monticola- is placed uuder Dasturella and 
a new combination I). Grewiae (Pat. & Har.) Thirumalachar is proposed. 

Dasturella Grewiae (Pat. & Har.) Thirumalachar, comb. nov. Uredo 
Grewiae Pat. & Har. Jour, de Bot. 14: 237. 1900; Phakopsora grewiae 
Cumm. Bull. Torrey Club 72: 206. 1945. 

Uredia hypophyllous, subepidermal, erumpent, pulverulent, with mar¬ 
ginal, incurved paraphyses; urediospores ovate-ellipsoid, cinnamon-yellow, 
without distinct germ pores, 20-26 x 15-20 p ; epispore about 1 p thick, 
minutely and densely verruculose, with indistinct germ pores. Telia devel¬ 
oping within uredia or separately, subepidermal, erumpent and soon be¬ 
coming naked, in flabelliform cushion-like crusts, 130-167 p high, 130- 
154 p broad at the apex, 83-90p broad at the base; teliospores developed 
in basipetal catenations, the spores coalescing vertically and laterally to 
produce a columnar, flabelliform, cushion-like head, one-celled, sessile, 
yellowish-brown, ovate to cuboid, moderately thick-walled, smooth, 11.5- 
21 x 8-12 p. 

On the leaves of Grewia monticola Bond., Experimental Station, Kels- 
pruit, Tvl., South Africa, 2nd Aug. 1940 (IT.D. No. 32401). 

In her monographic studies on the South African rusts, a rust on Albiz- 
zia versicolor was described by Doidge (1926) as Ravenelm Bottom!eyae 
Doidge, based on the collections made by Dr. Bottomley near Victoria 
Falls, S. Africa. The urediospores were noticed intermixed with the telia, 
being golden-brown, globose to ellipsoid, verrueulate-echinulate, 30-42 x 
25-27 p. The telia are amphigenous, black, subepidermal, erumpent, and 
pulverulent. The teliospores are in pedicellate heads composed of 4-6 
spores, the pedicels being very fragile. A portion of the type (U.D.A. 
14166) was kindly sent to the writer by Dr. A. M. Bottomley, which made 
possible a study of the rust in some detail. The telial heads are mostly 
6-spored, of which two are in the center and four are marginal. Occasion¬ 
ally, as noticed by Doidge also, there is only a single inner spore with two 
marginal spores. Mature spores are chestnut-brown, smooth, 27-30 x 25- 
33 p. On each of the marginal spores, a single large, pendent, hyaline cyst 
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is present. These swell in water and can be clearly observed in spore 
mounts stained with a dilute solution of Gentian violet. The pedicel is sim¬ 
ple, hyaline (fig. 4), long, deciduous. The pedicel is attached directly to 
the spore and not to the fused portions of the cysts. 

The genus Spumula Mains was erected by Mains (1935) for a legumi¬ 
nous rust on Calliandra. The genus is closely allied to Ravenelia Berk, and 
Cystomyces Syd. but has greater affinity with the former than with the 
latter. Spumula is, however, differentiated from Ravenelia by the absence 
of a compound spore head with compound pedicel. Tt resembles Cystomyces 
in the possession of a simple pedicel, but the stipe of Cystomyces is aU 
tached to the fused portions of the cysts and not directly to the spore as in 
Spumula . 

A similar condition prevails in the telial heads of the rust on Allrizzia 
versicolor , in which the pedicels are simple and not compound, and the 
attachment of the pedicel is directly with the spore and not with the 
fused portions of the cysts. The simple pedicel has also been figured by 
Doidge (Lc.) which clearly differentiates the rust from Ravenelia and 
secures a place for it in Spumula , proposed by Mains. Only two species 
are known in the genus so far, Spumula quadrifida Mains, the type of the 
genus with aeeia and telia, and S. Clemensiae Arth. & Cumin., recorded 
in the Philippines by Arthur and Cummins (1936); the latter is a hemi- 
form with uredia and telia. It is evident that the rust on Albizzia versicolor 
is also a species of Spumula on account of the possession of the characters 
already enumerated, A new combination, Spumula Bottomleyae (Doidge) 
Thirumalaehar is proposed for its accommodation. 

Skierka robusta Doidge was described by Doidge (1926) as parasitic on 
the leaves of Rhoicissus rhomboidea from South Africa. Only telia were 
reported, the teliospoces being yellowish, lanceo-fusiform with acuminate 
apex, and adhering to form short columns 3-5 mm. in length. In the collec¬ 
tion of the rust sent to the writer (U.D.A. No. 6628), large numbers of 
pycnia were associated with the telia, indicating that the rust is definitely 
a micro-form, the telia immediately following pycnia in development. 
Pycnia are amphigenous, minute, orange-yellow, distributed in concentric 
rings. Sections through the infected patch indicates that the pvenia are 
subepidermal in origin, broader than long, 230-320 p broad, 120-140 p 
high, with a narrow ostiole. There are no conspicuous ostiolar hvphae pro¬ 
jecting. Pycnia have been recorded also for two other species of Skierka, 
viz. 8 . Hoi way i Arth. and 8. cristata (Speg.) Mains (Mains 1939). 

In conclusion the writer wishes to acknowledge his grateful apprecia¬ 
tion for the kindness of Dr. G. B. Cummins, Purdue University, IT. S. A., 
for the benefit of valuable suggestions, and to Drs. E. M. Doidge and A. M. 
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Bottomley, Union Department of Agriculture, South Africa, for placing 
at the disposal of the writer the valuable material. Grateful thanks are due 
to Dr, L. N. Rao, Professor of Botany, University of Mysore, for kind en¬ 
couragement. This part of the work was carried out as a research scholar 
of the University of Mysore. 

Department of Botany, Central College, 

Bangalore, India 
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THE USE OF EMBRYOLOGICAL FORMULAS IN 
PLANT TAXONOMY 

Theodor Just 1 

Cytogenetic data, especially chromosome numbers, are now regularly 
recorded in many systematic studies and have even made their way into 
floras. The same cannot be said, however, with regard to the laboriously 
accumulated information often referred to as comparative embryology 
(Schn&rf 1931, Maheshwari 1945). Johansen (1945) has advanced objec¬ 
tions to such “an excessively broad” application of the term embryology, 
because in many instances megasporogeny and megagametogeny for, if both 
are treated at the same time, simply megagametogeny) alone are implied 
to the exclusion of real embryogeny, which begins with syngamy. Recogniz¬ 
ing the validity of these objections, the broad use of embryology, though 
embracing actual stages of two successive generations, is perhaps justifiable 
in the light of the somewhat comparable usage of it by zoologists, the absence 
of another equally inclusive term, and the characterization of all phases of 
“pure” plant embryology given by Johansen himself (1945). 

The use of embryology sensu lat. is actually necessitated by the great 
variety of embrvological phenomena described to date and the desire to 
bring these under some common heading (Schnarf 1929). As the purely 
descriptive phases of plant embryology are largely completed, even though 
many orders and families remain to be investigated, the accumulated data 
have and will continue to be variously applied in other respects. One of these 
applications is the utilization of embryological knowledge for the improve¬ 
ment of the existing classifications of angiosperms (Mauritzon 3939; Schnarf 
1931, 1933, 1937). Obviously, this aim cannot be attained on the basis of a 
single embryological character, i.e., the development of the male gameto- 
phyte, but only by the simultaneous evaluation of all significant embryologi¬ 
cal features, as is usually the practice with gross morphological and other 
characters. Originally Schnarf (1933) proposed the term “embryological 
diagram” for the entire set of important embryological characters of any 
group. This proposal of utilizing as far as possible embryological diagrams 
for taxonomic purposes was recently restated by Maheshwari (1945), who 
adopted the preferable designation “embryological formula” and promptly 

i The writer is greatly obliged to Drs. G. N. Jones, University of Illinois, and Paul 
Weatherwax, Indiana University, for their critical reading of his manuscript but is 
especially indebted to Dr. P. Maheshwari, Dacca University, Dacca, India, for his valu¬ 
able suggestions and comments. 
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illustrated his views with a suitable example, the Alismaceae. The embryo- 
logical formula of this family as drawn up by Maheshwari reads as follows: 

“ANTH.-TAP. (amoeboid); DIV. OP P.M.C. (race.); P. (3-nuc;l.); 
OVULE (2-integ.; anat.); PAR. CELL (absent); E.S. (Allium T.); END. 
(He. or Nu. T.) ; EMB. (Sag: T.).” 

“Put in plain English this means that the anther tapetum is of the 
amoeboid type; the divisions of the pollen mother-cells are successive; the 
pollen grains are 3-nucleate at the time of shedding; the ovule is anatropous 
and has two integuments; no wall cell is cut off by the primary archesporial 
cell which functions directly as the megaspore-mother-cell; the embryo-sae 
development is of the Allium type; the endosperm is t)f the Nuclear or 
Helobiales type; and the embryo is of the Sagittaria type” (loc. cit, p. 32). 

Fully aware of the possibility of greater condensation Maheshwari ex¬ 
pressed the hope that a list of internationally acceptable symbols be devel¬ 
oped and used both by students of plant embryology and classification. In 
the light of the great value generally attributed to “floral formulas” in dis¬ 
cussions of plant relationships and in teaching plant taxonomy, the follow¬ 
ing list of symbols is tentatively proposed and their applicability demon¬ 
strated in several cases. 

Other systems of annotation proposed solely for the characterization of 
the various types of development of embryo sacs, namely those of Chiarugi, 
Radermacher, Rutgers (summary in Schnarf 1929), and Fagerlind (1944) 
are not incorporated here, because of their detailed nature and the lack of 
complete agreement regarding the best method of designating the known 
types of embryo sac development. They are, however, very well suited for 
the careful description of embryo sac development, notably Fagerlind ^ last 
scheme. 

At present only those sets of characters are included in the following 
list whose taxonomic usefulness has by now been established beyond doubt. 
As is most likely, other characters will be found in the future and suitable 
symbols for these can readily be added to the present list. The selected char¬ 
acters are those given by Schnarf (1931, 1933) and amended by Maheshwari 
(1945). The designations of the types of embryo sac development follow 
Maheshwari (1941). 

T = anther tapetum Tg = glandular Ta = amoeboid Tp = tapetal plasmodium. 

Pfc pollen; Psis= quadripartition of microspore mother cell by furrowing (simultane¬ 
ous). 

Psu = quadripartition of mierospore mother cell by cell plates'(succes¬ 
sive). 

/2 = two nuclei in pollen grain at time of discharge from anther, /3 s= three, etc. 

Ov = ovule; (Ov) = unitegmic (one integument), ((Ov)) = bitegmic (two integu¬ 
ments) . 

Ti = integumentary tapetum. 
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Ov = integument absent, ob = obturator, 
c - crassinucellate t = tenuinucellate. 

Ov ~ orthotropous Ov =. anatropous Ov - campylotropous. 

My = mieropyle My/i = formed by inner integument My/o-by the outer integu¬ 
ment My/2 = formed by both integuments. 

Nu = nueellus Nu l = integument begins near apex of nueellus Nu f =near base. 

hy = hypostase. Nu+ = nueellus with long beak-like process in micro* 
pyle. 

Ar = arehesporium one-celled Ar^c - many-celled. 

0 = parietal cell absent. ! = parietal cell present. 

E8 = embryo sac E8n = normal type ESoe = Oenothera type E8al = Allium type 

ESpp = Peperomia pellucida type ESph - Peperomia hispidula type E8g = Gun- 
nera type ESpe = Penaea type ESpy = Py rethrum type E8d = Drusa type 
E8ac = Aealyplia type E8f = Eritillaria type ESpa = Plumbagella type ESpo = 
Plumbago type E8ad = Adoxa type. 

8 = syngamy po = porogamy ch = chalazogamy + = long interval between pollination 
and fertilization, exceeding one week. 

E = endosperm Enu = nuclear Ece ~ cellular Ehe = Helobiales type Eho/'nu = Helio¬ 
biales or nuclear type. 

Eh /m - micropvlar Eh/c - chalazal Eh/m + c = mieropylar and chalazal endosperm 
haustoria. 

Em = embryo Emp = Piperad type Ema = Asterad type Emca = Caryopliyllad type 
Ems-Solanad type Emo = Oimgrad type Emch = Chenopodiad type Emsag = 
Sagittaria type. 2 
su - suspensor lmustorium. 

Ap = apomixis. Py - polyembrvony. Pa = parthenogenesis. 

Using these symbols the embryologieal formula of the Alismaeeae reads 
as follows: 

Ta, Psu/3, ((Ov) )0, ESal, Ehe/nu, Einsag. 

The floral formula (Pool 1941, p. 101) by comparison reads; 

CA 3 Co 3 S 6 ^P 6 "^ 0 
PfMoDiAeh 

The species (3) of the aquatic genus Trapa have long been considered 
members of the family Onagraccar (Oenotheraceae). When it was found 
that the development of the embryo sac in this genus follows the normal 
type and that a well developed suspensor haustorium is present, it seemed 
even more out of place than it had been for other reasons, i.e., fruit. The 
embryologieal formula of the separate family established for this genus, the 
Hydrocaryaceac Raimann (Engler & Diels 1936) or Trapaccac (Pulle 1938), 
is as follows; 

((Ov))c, Ar!, ESn, Em/su. 

The embryologieal formula for the Onagraceae reads; 

Tg, Ps/2, ((Ov))c, Ar!—Ar 00 , ESoe, Spo, Enu, Emo, 

2 Although Johansen (1945) points out that no essential differences exist in the 
embryogeny of the Dicotyledones and that of the Monocotyledones, it may be desirable 
to distinguish different types of embryo development in these groups, at least in view of 
the profound differences in later stages and seedling structure. 



354 


BULLETIN OF THE TORREY CLUB 


IVol. 73 


Obviously the life history of the Onagraceae is better known than that of the 
genus Trapa, a situation which accounts for the comparative brevity of the 
embryological formula of the genus Trapa as compared with that of the 
family Onagraceae. But it is evident that the removal of Trapa is justifiable 
on these as well as other grounds. 

The position of the family Cactaceae,' Order Cactales according to Bes- 
sey et al and its possible affinities have long been problematic. Hutchinson 
(1926) and Bessey (Pool 1941) placed it near the Cucurbitales, whereas 
Wettstein (1935) inserted it between the Aizoaceae and Portulacaceae. It 
must be remembered, however, that the order Oentrospermae scnsu Wett¬ 
stein includes approximately the same families as Bessey y s order Caryophyl- 
lales except the Salicaceae. To show the differences between the Cucurbi- 
taceae and Cactaceae their respective embryological formulas have been 
determined and are herewith presented: 

Cactaceae: Tg, Psi/3, ((Ov))c, Myi, Ar!, ESn, 8+, Enu. 

Cucurbitaceae: Tg, Psi/2, ((Ov))c, Nu+, Ar!, ESn, Enu, Ap (?). 
Several important characters can not be indicated in these formulas. The 
Cactaceae have a cavity in the chalazal part of the ovule between the two 
integuments and sometimes also between the inner integument and the 
nucellus. This cavity occurs in various families belonging to tbe Centro- 
spermae. The Cucurbitaceae on the other hand develop a nucellus with a 
long, beak-like process extending into and often through the micropyle, here 
indicated as Nu+. The pollen tube develops characteristic haustoria. w r hich 
destroy the nucellar process in the micropyle. Morphological, anatomical, 
and chemical evidence supports the embryological similarity between the 
Cactaceae and Aizoaceae as well as other families of Centrospermae (Gibbs 
1945). 

Other instances of the applicability of embryological data in critical cases 
have been recorded and could readily be illustrated by the embryological 
formulas based on them (Maheshwari 1945; Mauritzon 1939; Schnarf 1933, 
1937). Notable examples are the Liliaceae in the conventional sense and their 
modern segregates, the large order Synandrae (Campanulaceae, Lobeliaceae, 
Goodeniaceae, Compositae) and many others. The accepted orders of flower¬ 
ing plants may well be delimited differently, if embryological data are ap¬ 
plied consistently, and groups which have so far not been investigated are 
studied embryologically. Therefore, the use of embryological data will be 
greatest as supplementary evidence in the improvement of our systems of 
classification, particularly with regard to the determination of the correct 
position and affinities of families and orders, whereas their application in 
purely descriptive works such as floras and manuals as well as in teaching 
elementary plant taxonomy may never prove feasible. 

Embryological data need not be accorded more recognition than other 
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taxonomically valuable characters. They do, however, deserve their rightful 
place among the others, a position they have not yet attained in the eyes of 
all botanists. 

University of Notre Dame 
Notre Dame, Indiana 
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SIERRA T ACUICH AM ON A—A SINALOA PLANT LOCALE 

Howard Scott Gentry 

In mid-Sinaloa Sierra Tacuichamona stands 4000 feet or more above the 
narrow coastal plain not far from the sea (fig. 1). It is volcanic in origin 
with a high central massif of brecciated lava flanked by rather deeply dis¬ 
sected ridges in considerable intricacy. Because of its stage of physiographic 
development and its structural similarity to neighboring mountains, its 
origin can be placed contemporaneously with the general foothill complex of 
northwestern Mexico, which arose at sometime in the Upper Tertiary. The 
whole is dynamically linked with the great Sierra Madre Occidental. 

The great bulk of the mountain is covered with a climax virgin Short-tree 
Forest, persisting through 3000 or more feet of elevation. The general 
stature of the forest dominants is 35 to 40 feet. The spacing is regular and 
in the piedmont usuallj’ allows freedom of movement without a machete, 
while in the higher interior gradients a machete is often necessary. This 
forest as a whole is more tropical and expansive than the Short-tree Forest 
of the Rio Mayo to the north. The greater prevalence of epiphytes and in¬ 
deed the whole tropical element appear engendered by the proximity of the 
ocean w r ith its moist breezes. 

Oak Forest occupies the summits and the higher slopes on the east in a 
rain shadow of the lee side (fig. 2). Its aspect is more arid than the Short- 
tree Forest. Oak Forest is an open broken member occupying elevations from 
2000 to 4000 feet. Expanses of harsh-leaved grasses occur as well as numer¬ 
ous shrub populations, dispersed or in thickets. The leaf generally from 
grasses to composites is tough and scabrous and springs from a rocky shallow 7 
calcareous soil. 

Savanilla is limited to a small area between the oaks and the Short-tree 
Forest on the north end of the mountain. This is an open formation on mild 
slopes with patches of trees and shrubs dispersed through turf-like grassland. 

Thorn Forest and Pine Forest are both lacking. There is too much rain¬ 
fall for the former. The lack of any appreciable highland appears to limit the 
pines to a few” small clumps near the summits. 

An interesting fauna accompanies this plant rich wilderness. Mountain 
lions and jaguars (Hones y tigres to the natives) pad through the great can¬ 
yons killing deer and cattle, and frightening men and their horses. Peccaries 
scuttle through the underbrush. Cholugos, Nasua narica , the long-nosed rela¬ 
tive of the racoon, climb cliffs and trees, getting a relatively luxurious living 
from the wealth of roots and fruits. Among the many indigenous birds are 
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parrots, chanates, and two pheasant-like birds, the ehachalaca and the much 
rarer “el faisan.” 

The Piedmont Forest. The plain around the west base of the mountain 
is covered with a uniform Short-tree Forest about 30 feet high. The trees are 
evenly spaced, and except for the light secondary covering of spindling 



Fig. ]. Central Sinaloa, including Sierra Taeuiehamona. 1: 250,000. 

undershrubs, one has little difficulty in walking where he pleases. In mid- 
February when we passed through, the amapa, Tabebuia palmeri , was 
through flowering, long seed-pods hung from their leafless branches. The 
most conspicuous flowers were the strong bright yellows of Cassia biflora 
and tecomosuehe , Coehlospermmi vitifolia m, the white of eonfite, Lantana 
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velutina, and the yellow-orange of Lantana horrida. Blooming then also but 
in less profusion were the cuajolote, Bombax palmeri , its huge white stamens 
standing out spread in the sun, the red-flowering vine compio, Combretum 
farinosum, a few palo santos, Ipomoea arborescens , still weekly putting out 
their white stars, and baeari, Montanoa sp. The vegetation was still rather 
green, for, following the winter rains, many of the trees and shrubs had put 
out new leaves or had been able to hold over those they had borne in summer. 
But many were too irrevocably bound to their habit of winter defoliation to 
respond. Noting the condition of the trees and shrubs as we traveled along 
we compiled a simple table as follows: 


Responding with leaf 
Acacia cymbispina 
Croton fragilis (xeric form) 
Eaematoxylon brasiletto 
Cassia biflora 
Caemlpinia platyloba 
C. caladenia (xeric form) 

C. eriostachys 
C. sclerocarpa (feebly) 
Acacia famemana 
Bursera laxiflora 
Cassia emarginata (feebly) 
Acacia cornigtra 
Crataeva palmeri (feebly) 
Prosopis spp. 

Pithecolobium tort urn 
Euphorbia aff. tresmariac 
Mimosa palmeri 
Solanum amozonium 
Malva spp. 

Chlorophora tinctoria 


Holding over summer leaf 
Lysiloma divaricaturn 
Pithecolobium sonorae 
(normal) 

Contarea latiflora 
Cordia alliodora 
Acacia pennatula 
Cassia emarginata 
Randia spp. (normal) 
Guasuma ul mi folia 
“Isa” (feebly) 


Not responding 
Ipomoea arborescens 
Bombax palmeri 
Bombax “batoeo” 
Cochlospermum v it ifoli u m 
Conzattia sericca 
Tabebum palmeri 
Tabebula ch rysan tha 
Bursera spp. 

Marsdenia sp. 

Manihot sp. 

Pereskia sp. 

Pedilanthus rubcscens 


The Canyon Forest. Within the canyons the forest deepens and slope 
and narrow canyon bottom alike, except for arroyo beds, are bountifully 
covered with a delightful virgin forest. The axeman and bark-stripper have 
scarcely touched it, and we can suppose that this same forest has stood since 
Pleistocene times just about as it does now. From time to time the trail leaves 
the wash-bed of the Quebrada de Hama and enters the slopes running under 
shady trees. During the summer rains when leaf is rampant the shade must 
be dense. Epiphytes are common upon the trees; orchids, TiUandsia, and a 
large coarse member of the Bromeliaceae. Lianas swing like huge, gnarled, 
and poorly twisted ropes from ground to limb, among them occasionally the 
perverted scandent form of Pisonia capitata. In places the canyon widens 
in the bottom and allows a “bottom-land” climax forest of unusual size 
and beauty. Its stature may reach 50 or 60 feet with isa, pochote, Ceiba 
acuminata , jauhuica, Bursera arborescea , manuta, Lysiloma divaricatum , 
and areyan, Psidium sartoriamm , the principal dominants. Jauhuica is a 
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splendid tree branched only in the crown with its thick smooth branches 
bearing out a heavy spread of foliage mostly above the rest of the trees. 
Hecho, Pachycereus pecten-aboriginum, in such woods is successfully estab¬ 
lished, but less dominant than on the Coastal Plains, for the best it can do 
here is to elongate to something over half the general forest stature. 

The CJliff Vegetation. On the rock outcroppings and cliffs the forest 
species still persist but thin out to make way for more xeric types, such as 
Bombax spp., Cochlospermum vitifolium , Plumeria rubra , Agave spp., 
Ficus spp., Hechtia, and an elephantine prostrate vulgarly called “inche 
huevos.” On cool shady rocks occur a new Hofmeisteria , a Dyospiros, Lysi- 
loma watsoni, Lemaireocereus, Bursera spp', ferns, Euphorbia aff. tres- 
mariac, and a legion of others less frequently occurring. 


tAsr wnr 



DIAGRAMMATIC CROSS-SECTION OF SIERRA TACUICHAMONA OUTLINING VEGETATION 


Fig. 2 . Diagrammatic cross section of Sierra Tacuichamona outlining the vegetation. 

Some Dominant Colonies. Near Rancho Africa, tying in the western 
canyons, a few species of trees form nearly pure stands or at the least are 
single dominants in such areas. The Mauutal 1 occupies hill swales with a 
stature of about 40 feet with trees well spaced, the sapling straight, elongate, 
and the undershrubbery very scant. The Apomal is a grove of magnificent 
tall slender trees, suggesting eucalyptus, about 70 feet high, branched only 
in a high crown holding heavy dark green foliage. It forms a clear open 
forest with scant undershrubbery. In the deep and usually steep-floored 
canyons these apomos, Brodmum alicastrum, form a dense shade. In such 
gloomy rocky glades grow only a few species of tropical shade-tolerant spe¬ 
cies; elongated, mesophytie perennial acanthaeeous shrubs or herbs, the 
stinging huge-leaved Prera caracasana , the shrub Phenax hirtus , a few 

i Stand of Mauuta trees, Lysiloma divaricatvm. Native idiom provides names for 
many tree colonies by adding the suffix, al (or l). As ecologic terms they are very handy 
and can seldom be improved. 
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ferns, an entirely unexpected palm, Chamaedorea , and the attenuated 
otatillo rodillo, Chusguea liebmanii, whose graceful bamboo-like stems bend 
out in ares 10 feet high or trail on other plants. C. liebma/m is here a re¬ 
markable northern extension in the previously known range of the genus. 
Epiphytic orchids are abundant on tree limbs. Often mixed w r ith the apomos 
are a few other species of large trees, as juahuica, Ficus , Primus cortopico, 
and bebelama de la Sierra. 



Fig. 3. View from the summit of Sierra Taeuiehamona looking west to the Pacific 
Ocean, February 1941. Light patches draped on the hill summits are Oak Grassland. 


Slope Forest. Shrubbery is exceptionally prevalent upon the slopes of 
the Rancho Africa. This is partly due to the presence of abandoned milpas, 
where shrubbery forms the adventive growth, and partly to a thinning of 
forest trees upon the steep talus slopes that have little soil. Particularly 
noted was a miscellany of broad-leaved shrubs, as Montanoa patens , Lari- 
tana spp., I rera caracasana , Justicia salviaeflora, other acanthaeeous spp., 
and the shrub Bouvardia bouvardwidcs, whose stems when cut emitted a 
repulsive odor. But the real subdominants upon the broken lava slopes 
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were stands of otate, Arundimria longifoim, and under the trees Chus- 
quea liebmanii. The latter bears hooks around the prominent nodes, which 
raked across our limbs and throats. Otate forms pure stands utilizing 
large areas upon the slopes and is also commonly mixed with the shrubs 
in open clumps under the trees. On the south slopes the more markedly 
drought-deciduous species prevail, with the heavy-limbed Bursera species, 
Cciba acuminata, Bomb ax pameri, cacalosuehe, Plumeria rubra, etc. There 
is less undergrowth. The whole formation usually continues to almost the 
full height of the mountain or to the foot of the last or highest volcanic rim. 
Northern slopes are greener with more grasses and Chamaedorea commonly 
forms small clumps among the rocks in the shade. This north-slope forest 
merges more quickly with the lower vanguard of the oaks. 

Summit Vegetation. The top of the sierra is no more than a broken 
ridge sheared on every hand by high cliffs. Underbrush and large coarse 
grasses are rampant, which together with the broken terrain make walking 
difficult. Oaks are the prevailing trees, with a few small patches of pines 
confined to some steep northern slopes that 1 never succeeded in reaching. 
The underbrush of the mountain top, partly composed of oak rejuvenations, 
is largely due to the burning of the grass by the natives in the spring dry 
season. 

Oak Forest. The dominant type of leaf in the Oak Forest is harsh; 
coriaceous to scabrous. The oaks themselves, the shrubs, the grasses, and 
even many herbs show this same character. In general throughout the Oak 
Forest of Western Mexico the scabrous leaf becomes, by its incessant repeti¬ 
tion in myriad variation through many plant families, of singular interest. 
This leaf responds slowly to winter rains, as though reluctant to risk a few 
drops of guarded moisture in a transitory growth, when soon there is the 
long severe drought of spring to survive. There is on the whole much less 
Oak Forest on Sierra Tacuiehamona than one would expect. The south and 
west areas have only a little, which is confined to small mesas and hill tops. 
Ill-defined remnants exist upon north exposures. East of the divide or axis, 
over the lower lying hills and slopes, is the best development. A scattered 
grove of Erythva aculcata. was observed in that area upon a southern slope, 
and Sabal rosci grows indiscriminately upon slope and cliff and in draws. 

On the northern end of the sierra around Capadero a great deal of the 
oak belt is occupied by harsh-leaved grasses, dominated principally by 
Muhlcnbergia enursleyi , Tripsacum lanceolatum , and Andropogon and 
Heteropogan species. Tripsacum lanceolatum is most dominant upon the 
steeper slopes and the large breast-high clumps with cutting leaf-edges are 
serious impediments to travel. Occasionally there are stands of clumps of 
sacate aparejo, Mnhlenbergia gracilis (?). The oaks are most successful on 
the moist shady slopes and are accompanied by a variety of shrubs, which 
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occasionally form thickets, all, it may be repeated, with a marked tendency 
to be scabrous. Quercus albocincta , Quercus tuberculoid , Quercus chihuo - 
huensis, and a black oak with narrow shiny leaves, Quercus gentryi , make 
up the oak family. Bombax palmeri from the lower cerros persists upon the 
arid rock rims. In the canyons many of the mesic trees and shrubs march 
up above the lower oaks. Over the volcanic bedrock the soil is shallow. It is 
mixed with broken rock and litter on the slopes. On the mesas it runs to 
clay. Generally it is calcareous from the teachings and metamorphism of 
original limestone. 

Savanilla. Below the oaks, where they intergrade with Short-tree For¬ 
est trees on the north side of the mountain, is a brief expanse of Savanilla. 
This is a low group-dispersed formation with patches of shrubs and trees 
alternating with open areas of turf-like grasses, as Bouteloua eludem and 
Cathesticum species . The arborescent species are drawn from neighboring 
forest elements and make up heterogeneous mixtures, as oaks from Oak 
Forest, Lysiloma dwaricotnm and Tabebuia palmeri from Short-tree For¬ 
est. Common to this locality of Savanilla were also; Mimosa palmeri, Lemoi - 
reoccreus sp., Byrsmiima crassifolia , Psidium mollc, and Dodonco viscosa , 
shrub Compositae, and many others. A single plant of Fouquieria mac - 
dougali established a southern record for the species. It is a singular habitat 
with a rich flora, better exampled in other localities and will be described 
in a later paper. 
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NAJAS ARGUTA IN CENTRAL AMERICA AND ITS 
RELATIONSHIP TO N. WRIGHTIANA 

Robert T. Clausen 


Humboldt, Bonpland and Kunth (Nov. Gen. & Sp. Plant. 1: 298. 1815) 
described Najas arguta from Mompos in the drainage of the Magdalena 
River in Colombia, South America. In their description, they mentioned that 



Fig. A. Habit sketch of Najas arguta from Clingres River at Las Guacas, Panama 
(x 1 ). Fig. B. Leaf of the same specimen (x 2.5). Fig. C. Staminate flower of the same 
(xlO). Fig. D. Leaf of N. Wrightiana subsp. Wrightiarui from Cuba (x 2.5). Figs. 
A-C by Miss Elfriede Abbe and Fig. I) by Miss Florence McKeel. 

the leaves are strongly toothed, but they had neither flowers nor fruits. Sub¬ 
sequently, Schumann, in Martins, Flora Brasiliensis 3(3) : 729 ^1894), de¬ 
scribed the flowers and seeds from Brazil. I have seen in the Gray Herbarium 
and at the New York Botanical Garden specimens collected from the Amazon 
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River in 1851 by Richard Spruce, no. 1622. This collection was cited by 
Schumann and agrees with the description of N. arguta . Also 1 have seen 
similar specimens from La Paila, Colombia, and others differing only in hav¬ 
ing narrower leaves, 0.6-0.8 mm. wide, from the Guayaquil River in Ecuador, 
W. Jameson 544 . Specimens from Cuba identified as N. arguta aie not that 
species. On the other hand, two collections from Panama are the same as 
South American N. arguta and constitute the northernmost and only known 
records for the species in Central America. F. C. Bishop collected it in Gatun 
Lake near the mouth of Gatun River, opposite Monte Lireo, on May 3, 1934. 
Lt. Harold Trapido, on April 5, 1945, collected, as no. B1021, many plants 
with staminate flowers in a backwater of the Chagres River at the mouth of 
the Rio Moja Polla near Las Guacas. According to Lt. Trapido, A T , arguta is 
a dominant feature of the aquatic flora of the Chagres River and Gatun 
Lake; also it is the principal breeding place of Anopheles albimanus. Figures 
A-C, prepared from Trapido\s collection, show some of the features of N. 
arguta. The stems are slender and the leaves 0.8-1 mm. wide, rarely less, 
with the teeth of the margins prominent, but shorter than the width of the 
blade from the base of the teeth on one side to the base of those on the other. 
The seeds of South American specimens are 2.5 mm. long. 

The common A\ guadalupemis (Spreng.) Magnus, which is widespread 
in tropical America, and extends northwards to the bays of the knver Great 
Lakes and Lake Champlain, is readily separated from N. arguta by its almost 
entire, very finely serrulate leaves and usually smaller seeds, 1-2.2 mm. long. 
N. Wrightiana A. Br. is less easy to distinguish, though the separation can be 
made as shown by the following key : 

A. Seeds 2.5 nun. long; teeth of leaves much shorter than the width of the 

leaf -V. arguta. 

AA. Seeds 1-3.4 nun. long; teeth of the leaves almost as long as the width 

of the leaves A r . Wrightiana 

N. IF rightiana is known from Cuba, the coastal plain of Mexico north of 
the Isthmus of Tehuantepec, and the Yucatan Peninsula. Also it has been 
cited from South America, from Pernambuco in Brazil, but I have not seen 
specimens from there. The Yucatan population may be separated from that 
of Cuba and the Mexican coastal plain as a subspecies, though the differ¬ 
ences are of a sort that indicate close relationship. The seeds of the two popu¬ 
lations are similar, but the leaves differ primarily in the number of teeth 
along the margins and in width. 

N. Wrightiana A. Br. subsp. Wrightiana (R. Br.) R. T. Clausen, comb, 
nov., based on N. Wrightiana A. Br., Sitzb. Ges. Naturf. Fr. Berl. p. 17 
(1868). The distributional area of subsp. Wrightiana , as understood by me, 
is Cuba and the coastal plain of Mexico near Vera Cruz. A typical leaf from 
Cuba is showm in figure D. 
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N. Wrightiana A. Br. subsp. multidentata (Koch.) R. T. Clausen, comb, 
nov., based on Naias multidentata Koch, Ber. Schweiz. Bot. Gesell. 44: 341 
(1935). The type locality is 4 4 Forest Home 1 ,, Punta Gorda, British Hon¬ 
duras, at an altitude of 61 m. The type, W. A . Schipp 991, is in the Herbier 
Delessert, Conservatoire Botanique de Geneve. Isotypes are available in the 
herbarium at the New York Botanical Garden and at the University of Mich¬ 
igan. Other specimens of this subspecies have been collected at Uxmal, Yuca¬ 
tan, and Lake Peten in the Department of Peten, Guatemala. Plants from 
Lake Yaxha, Dept, of Peten, are more like subsp. Wrighliana and must, be 
regarded as intermediate. 

KEY TO THE SUBSPECIES OF NAJAS WRIGHTIANA 

A. Leaves with 15-25 teeth on a margin, 0.4—0.0 mm. in width. N.Wrighliana subsp. 
Wrighliana. 

A A. Leaves with 25-40 teeth on a margin, 0.5-0.9 mm. in width. A r . Wrightiana subsp. 
m nit i den tat a. 

I wish to express appreciation to Brother Leon of Havana, Cuba, for the 
loan of a valuable series of specimens of Najas from the Herbarium Savalle, 
Academia de Cieneias de la Habana, and from the Herbario del Colegio de 
La Salle, Vedado-llabana. This material has greatly aided my studies. 
Department of Botany, Cornell University 
Ithaca, New York 
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NOTES ON TRIFOLIUM 

James S. Martin 

T. gymnocarpon Nutt. In 1880, Watson described Trifolium plummerae 
from northwest Nevada. He made no reference to T. gymnocarpon Nutt, 
and may not have been aware of the close relationship. According to his 
description, T. plummerae differs from T. gymnocarpon chiefly by its small 
size. Lojacano recognized the species in 1883 and included the difference of 
pubescence in his description but he mistakenly credited the name to Lem¬ 
mon. McDermott in 1910 reduced the entity to a form of T. gymnocarpon 
but made her distinction the same as had Watson. No author since this time 
seems to have recognized the entity in any form. The plants in question 
cannot be properly distinguished from typical T. gymnocarpon on the basis 
of size, leaf shape, flowers, etc., but can be easily distinguished on the basis 
of leaf pubescence. Brief descriptions, synonymy, and discussion of the two 
entities are given below. 

The species most apt to be confused with T. gymnocarpon is T . lemmonii 
Watson, which has, in fact, been confused by McDermott (No. Am. Sp. 
Trif. 194. 1910). T. gymnocarpon is usually a much smaller plant than 
T. lemmonii , it always has fewer flowers, and the rachis is alw r avs short, has 
but one to four distant w r horls of flow r ers, and is never swollen. The flowers 
are often reflexed but the curvature is all in the pedicels, the base of the 
flow r er being nearly straight. T. lemmonii always has reflexed flowers and a 
part of the curvature is in the base of the flower itself, and the rachis is 
long and bears many close whorls of flowers. 

KEY TO THE VARIETIES OF T. GYMNOCARPON 

Leaflets all glabrous above. T . gymnocarpon var. gymnocarpon. 

Leaflets mostly sparingly strigose above, rarely a few leaflets of the plant 

glabrous on the upper surface. T. gymnocarpon var. plummerae . 

T. gymnocarpon Nutt, var. gymnocarpon (Nutt.) Martin, var. nov. 
T. gymnocarpon Nutt, in T. & G., FI. N. Am. 1: 320. 1838. T. mbcaulescens 
Gray, Ives Rep. Colo. River Bot. 10. I860; type, J. S. Newberry, in pine 
forest near Ft. Defiance, Arizona, May 22, 1858 (on type sheet date given as 
May 25; Gray Herb., isotype at N. Y. Bot. Gard.). T. nemorale Greene, 
Pittonia 4:136.1900; type, C. F. Baker 446 , Los Pinos (Bayfield), Colorado, 
May 17, 1899 (isotvpes at Univ. Calif. Gray Herb., Pomona Coll., N. Y. Bot. 
Gard., and New Mex. A. & M.). T. gymnocarpon Nutt. var. subcaulescens 
(Gray) Nelson, Man. Bot. Rocky Mts., 279. 1909. 

Often subcaulescent, stems rarely up to 10 cm. long; leaflets glabrous 
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and green above, sparingly to densely strigose and grey-green below. Flow¬ 
ering from April to June. 

Type: T. Nuttall, “Dry hills of the Rocky Mt. Range, near the sources 
of the Sweetwater of the Platte,” Wyoming (type at N. Y. Bot. Gard.; 
isotype at Gray Herb.). 

Distribution: Southern Wyoming to northern Arizona and New Mexico, 
usually on dry hills and plains, 5500 to 9000 feet elevation. 

Representative material: C. F. Baker 161> 446; E. 2>. Merrill 601; A . 
Nelson 1230 , 10205; R. C. Rollins 1669; F. Tweedy 4209; S. Watson 248 . 


In the group here considered two entities have often been recognized, 
T. gymnocarpon and T. subcaulescens . There are some slight differences 



Fig. 1. Distribution of 7\ plumoxum: dots, T. phnno&um var. plnmomum; triangles, 
T. plumosum var. amplifoUum. Fig. 2. Distribution of T. gymnocarpon: circles, T. 
gymnocarpon var. gymnocarpon; solid dots, T. gymnocarpon var. plummcrae; crosses, in¬ 
termediates between these two varieties. 

between these two. Plants from Wyoming (including the type of T. gymno- 
carpon) and central Utah usually have short flowers from 7.5 to 10 mm. 
long. w T hile the flow’ers of plants from Colorado, New Mexico, and Arizona 
(including the type of T. subcaulescens) are mostly from 10 to 13 mm. long. 
To a slight extent, the amount of pubescence is correlated w r ith the fkwer 
length. Northern plants are usually sparsely strigose, w r hile southern plants 
are more thickly strigose, the most heavily pubescent plants being those from 
New r Mexico. However, these characters do not appear to be sufficiently 
sharp to warrant recognition for the two entities. 
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T. gymnocarpon Nutt. var. plummerae (Wats.) Martin, var. nov. 2P. 
plummerae Watson, Bot. Calif. 2: 440. 1880. T. plummeri Lemmon ex 
Lojac. Nuov. Giorn. Bot. Ital. 15: 162. 1883, based on the same type as the 
preceding, probably not intended as a new description and erroneously 
ascribed to Lemmon. T. gymnocarpon Nutt. f. plummerae (Wats.) Mc- 
Derm. N. Am. Sp. Trif. 192. 1910. 

More usually caespitose than the typical variety; leaflets strigose and 
grey-green below, lighter green and less densely (but always noticeably) 
strigose above. Flowering in May and June. 

Type: J. 0. Lemmon 8. A. Plummer , Peaks above Pyramid Lake, 
Nevada, May 15,1879, elev. 6000 feet (Lemmon’s name only on labels, letter 
with type sheet says Plummer assisted with the collecting; type at Gray 
Herb.; isotype at TJniv. of Calif.). 

Distribution: Northeastern Oregon to Sierra County, California; Elko 
and Clark Counties, Nevada; southwestern Montana and Idaho to north¬ 
eastern Utah, mostly in open areas in arid woodlands, 4800 to 9500 feet 
elevation. 

Representative material: C. (\ Brute 2293; 1. VT. Clokey 7561, 7782 , 
7983; C. L. Hitchcock 8832 , 9470; A. Nelson 4521 , 9018; M. Peck 2325; 
E. H. Peebles 13956 . 

The two varieties of T. gymnocarpon here recognized are separated on a 
character which is usually unreliable but in the present instance seems fairly 
clearly to distinguish the two groups. Most specimens of the two are either 
definitely glabrous or pubescent but in northern Utah and southwestern 
Wyoming, where the ranges of the two overlap, there are a few plants show¬ 
ing intermediate amounts of pubescence, most leaflets on a plant beiug com¬ 
pletely glabrous w T hile a few 7 other leaflets wi 11 have some hairs on the upper 
surface. 

T. plumosum Douglas. This species occupies a rather restricted range in 
northeastern Oregon and adjacent Washington and Idaho. The basing of 
any distinction in this genus on leaflet width alone is likely not to be taken 
too seriously. However, the present separation is solely on that character. 
While the number of specimens examined is not large, the difference in 
w T idth of leaflets and the distinctive geographical separation on the two sides 
of the Snake River Canyon are thought to be sufficiently marked to merit 
some separation of the two groups of plants. 

KEY TO THE VARIETIES OF T. PLUMOSUM 

Leaflets of the basal leaves 2-5 (7) mm. wide, apices slender, acuminate, 

apiculate. T. plumosum var plumosum. 

Leaflets of the basal leaves (8) 9-16 mm. wide, apices broader, acute, 

apiculate. T. plumosum var. amplifolium. 

T. plumosum Dougl. var. plumosum (Dougl.) Martin, var. nov. T . 
plumosum Dough in Hooker, Fh Bor. Am. 1: 130. 1840. 

Leaflets mostly narrowly linear, usually folded, falcate, with slender 
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acuminate apices, those of the basal leaves 2-5(7) mm. wide, of the upper 
leaves sometimes a little wider. Flowering in June and July. 

Type : D. Douglas, Blue Mountains, Oregon or Washington (not seen). 

Distribution: Walla Walla County, Washington, to Union County, 
Oregon, on dry sagebrush slopes and in open pine woods, 2000 to 4000 feet 
elevation. 

Representative material: W. C . Cusick 459 , 2348, 3345; D. D. Keck 3585; 
W. R. Moore 162; M. E. Peck 7710 , 10438, 17436. 

T. pltjmostj m Dougl. var. amplifolium Martin, var. nov. 

Leaflets broader, elliptical, often folded and falcate, those of the basal 
leaves 8-16 mm. wide, of the upper leaves sometimes slightly narrower, 
apices acute, but not slenderly acuminate. Flowering in June and July. 

(Foliolae latiores, ellipticae, saepe complieatae et falcatae, foliolis 
foliorum inferiorum 8-16 mm. latis, foliorum superiorum aliquando leviter 
angustioribus; apieibus acutis, apieulatis, autem non graciliter acuminatis.) 

Type: Marcus E. Jones 6254 , Salmon Meadows, 'Washington County, 
Idaho, June 22, 1899, elevation 4000 feet (Herb. Pomona College no. 27373; 
isotvpes at Univ. of California, Stanford Fniv., N. Y. Bot. Gard., and Univ. 
of Washington). 

Distribution .* Nez Perce County to 'Washington County, Tdaho, on dry 
sagebrush slopes, 2000 to 5000 feet elevation. 

Representative material: A. A. Heller 3398; L. F. Henderson 2729; 
G. A\ Jones 4976; M. E. Jones , 6354; B. Maguire 17294; C. W. Sharsmith 
3619. 

Eastern New Mexico College 
Portalek, New Mexico 
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THE EVALUATION OF SOME TAXONOMIC CHARACTERS 
OF CULTIVATED BRASSICA WITH A KEY TO 
SPECIES AND VARIETIES—II. 

THE KEY 1 

Von Gee Sun 
discussion 

The merging of Brassica pekinensis Rupr. with B. chvnensis L. is in 
agreement with the botanical facts. Since the writer has found no hybrid 
vigor in the Fi of B. chinensis var. pandurata Sun (siao-yu-tsai) x B. pekin¬ 
ensis, and no distinct morphological difference between these except in the 
foliar organs, B. pekinensis may reasonably be regarded as a race closely 
related to B. chinensis. Although Tsen and Lee (1942) pointed out seven 
important characters for differentiating these two species, it is the writer’s 
opinion that most of them are of minor importance. For example, Tsen and 
Lee stated, first, that B. chinensis is biennial and B. pekinensis is annual; 
but the writer has observed in Meitan that when they are sown in the early 
fall or late summer, both become marketable in early winter and set seeds 
next spring. Secondly Tsen and Lee state that, given cool moist soil, B. 
chinensis tends to make a turnip-like root, while the root of B. pekinensis 
is normal; according to the writer’s observation turnip-like roots are 
found only rarely in B. chinensis, being uncommon in all varieties. Thirdly, 
a few setose hairs on the ribs of B. pekinensis as compared with glabrous¬ 
ness of B. chinensis may be regarded as a minor difference, for B. chinensis 
var. pandurata also has a few setose hairs on the ribs and leaf-blade. 
Fourthly, head formation in B. pekinensis, though typical, is subject to 
environmental modification and is often artificially brought about. Tsen 
and Lee also noted in their paper that growers used to tie the outer leaves 
together with straw or other materials and bank the soil over the lower part 
of the plant in order to obtain solid heads. Fifthly, Tsen and Lee pointed 
out that B. chinensis is commonly grown in the South and B. pekinensis is 
mostly cultivated in the North. Though this statement is generally true, 
the writer has found that its cultivation is not uncommon in Chekiang, 
Szeehuang, Kweichow, and Yunnan. 

For these reasons the writer does not consider the above five points as 
taxonomically important. The only big difference between B. pekinensis 
and B. chinensis is found in their foliar organs. Tsen and Lee summarized 
the characters of B. chinensis as follows*, blade large, light green to vellow- 
ish-green, heart leaves yellowish-white, thin, veiny, crinkled, undulate, 
i The first part of this paper appeared in Bull. Torrey Club 73: 244-281. 
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and sometimes indistinctly and irregularly dentate, without distinct petiole 
but with a flat, whitened, long base, 2-8 6m. wide, margined by a wide, 
thin, notched or jagged wing. The writer is in full accord with the above 
statement and would call attention further to the foliar morphology of 
Meitan siao-yu-tsai ( B . ehinensis var. pandurata) , which, in his opinion, 
may be regarded as an intermediate race between B. ehinensis and B. pekin- 
ensis. In this connection, it may be important to remind oneself of the 
general botanical principle that the characters of reproductive organs are 
more significant than those of vegetative organs. Not only is the develop¬ 
ment of the latter subject to environmental changes, but the characters of 
reproductive parts are comparatively more stable than those of other parts. 

The distinguishing characteristics of B. alba Rabenh. ( Sinapis alba L.) 
should be emphasized. They are as follows: (1) number of chromosomes 
and size of pollen grains; (2) size and shape of silique; (3) number of 
seeds per silique; (4) shape and length of beak; (5) hairiness of silique 
and of the entire plant; and (6) the furrowed stem. Since in none of these 
characters does this species agree with any other species of this group, the 
writer finds it difficult to agree with those who suggest combining the two 
genera Brassica and Sinapis. The phylogenetic relation between Sinapis 
alba and the species of Brassica proper should be of great taxonomic im¬ 
portance. For a study of this problem interspecific crosses were made in 
3943, Sinapis alba being used as a common parent; the writer failed to 
obtain a single true hybrid seed. 

It is of interest to observe that there is a parallelism in many characters 
between B. nigra and B. juncea , between B. nigra and B. carinata , between 
B. olcracca and B. carinata , between B. olcracca and B. napus y between B. 
ehinensis and B. nap us , and between B. ehinensis and B . juncea . B. nigra 
has sepals wide-spreading and silique 4-sided and closely appressed to the 
rachis, which is strongly reminiscent of those of B . juncea var. orthocarpa. 
B. carinata has the same 4-sided silique as B. nigra , and both have a very 
short beak. The inflorescence of B, carinata is extremely elongated and 
open at anthesis, i.e., the opened flowers or unopened buds are widely 
distributed on the rachis, which is the typical character of B. olcracca. 
Both B. ehinensis and B. napus have a very long beak, clasping stein-leaves, 
and corymb-like inflorescence with the flowers clustered at the top. Both 
B. ehinensis and B. juncea have corymb-like short infloresences with flowers 
clustered at the top, and small petals. 

According to the experimental results of Morinaga and U, Brassica 
naturally falls into six groups. The writer accepted their suggestion at the 
beginning and tried to combine into a single species all varieties and species 
having the same chromosome number. After a critical examination of the 
present materials, he found this impossible. Although B. campcslris var. 
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ole if era and B. chinensis var. pandurata both belong to the same 10-chromo¬ 
some group, it is easy to recognize most of the important differences be¬ 
tween the two races. For instance, B. campestris has glaucous-green, dis¬ 
tinctly pubescent radical leaves, very small petals, a petal claw not 
abruptly constricted, and a short silique; while B. chinensis var. pan¬ 
durata has non-glaucous light green leaves with but few setose hairs on 
the midrib or blade, petals rather large and orbicular with an abruptly 
constricted but very short claw, and a large and long silique. 

By an inspection of the varieties within these two species, one can 
realize that the horticultural variation of turnip varieties within the 
European 10-chromosome group has never been found in China; and the 
large number of horticultural varieties within the oriental 10-chromosome 
group, such as wu-ta-tsai and hwang-ya-tsai, has never been found in the 
western Old World. It is clear that two secondary centers of species-for¬ 
mation of the 10-chromosome Brassiea have been differentiated by ecological 
and geographical agencies. As Vavilov wrote in 1940, after many years 
of collective studies on the most important cultivated plants, aided by 
cytologists, geneticists, physiologists, anatomists, and immunologists, we 
are coming to the concept of a Linnean species as a definite, discrete, 
dynamic system differentiated into geographical and ecological types and 
sometimes comprising an enormous number of varieties. 

• In Gassy pi urn the same principle suggests a similar taxonomic system. 
For example, both G . herhaeeum L. and G. arboreum L. have 13 haploid 
chromosomes, but definite dissimilarities have been found between these 
two species; and G. arboreum is distributed mostly in the eastern part of 
Asia, while G. herhaeeum is confined to the western part of Asia, Africa, 
and the eastern part of Europe. Both G. hirsuium L. and G. barbadense 
L. have 26 haploid chromosomes, but they also exhibit great dissimilarities, 
and G. hirsutum is distributed in Central and North America, while G, 
barbadense is confined to the West Indies and South America. 

In accordance with the 'above statement, the writer suggests dividing 
the 10-chromosome Brassiea into two geographical races, one oriental and 
the other western. The oriental race is distributed in China and Japan and 
should be known by the old name B . chinensis. The distribution of the 
western race is mainly in Europe and it should be known by the old name 
B. campestris. 


KEY TO SPECIES AND VARIETIES OF BRASSICA 

A. Silique short, 11-30 mm., the beak short, 2.87-3.00 nun. See A A, p. 373, 
and AAA, p. 374. 

B. Stem and leaves of young seedlings densely pubescent, the mature 
plant prominently hispid-hairy, the inflorescence short, at antbesis, 
the flowers clustered corymbosely, the petals very small (mean length 
7.55-8.95 mm.), silique very small (mean length 11.02-11.20 mm.); 
seeds per silique 3-8 (mean 4.6-5.6). 1, B. nigra Koch. 
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BB. Plant glabrous; inflorescence elongated at anthesis; flowers and buds 
widely distributed on the rachis; flowers medium large, the petals 
13.75-15.97 mm. long; silique medium small (mean length 29.3-30.05 
mm.); seeds per silique 5-18 (mean 11.2-11.9). 2. B. carinata Braun. 

AA. Silique long (mean length 48.55-71.4 mm.), not 4-sided; plant glau- 
eous-blue or blue-green (varying to red in horticultural varieties); 
flowers medium to large, mean petal length 11.2-23.9 mm.; petals light 
yellow, ochroleueous, cream-vellow, or rarely white, long-tapering to 
narrow bases. 

B. Inflorescence elongated at anthesis; flowers large, the mean petal 
length 20.8-23.9 mm., the sepals mostly firmly erect and not spread¬ 
ing, often somewhat saccate at the base; pollen small (mean length 
32.96-37.01 p;; beak medium short (mean length 6.9-11.3 mm.j ; 
mostly with thickened edible parts. 

C. Stem of the first year elongated. 

D. Stem branched and leafy, the leaves long-petioled, those of some 

kinds curled. 3a, B . oUracea vur. acephala DC. 

DD. Stem unbranched, the axillary buds arrested and swollen, bear¬ 
ing in the axils little edible heads or “sprouts’* about 2.5 cm. 
iu diameter; leaves short and broad, about as broad as long, 
often with ear-like lobes at the base. 3h. B. oleracca vur. gemmlfera Zenker. 
(V. Stem of tlie first year short. 

I). Stem thickened and tuberlike above ground; leaves relatively 
small, thinner, those on the flowering stem slender-petioled. 

3c. B. oUracea var. g o it gy brides L. 

DD. Stem not thickened nor tuberlike. 

E, Terminal bud arrested, forming a compact head; inflorescence 
not normally developed the first year; leaves large, often 30 
cm. across, oblong-obovate to nearly circular, little if at all 
lobed at the base, the stem leaves variously clasping. 

3d. B. oleracca \ur. capitata L. 

EE. Terminal bud not arrested; inflorescence partly developed the 
first year. 

F. Inflorescence compressed, forming a compacted mass of short, 
thickened, colorless peduncles, pedicels, bracts, and undevel¬ 
oped flowers; leaves long-oblong or elliptic, strongly ascend¬ 
ing. 3e. B. oleracca var. botrytis L. 

FF, Inflorescence not compacted, but grown for the thickened 
flower-shoots that arise from the leaf-axils, making a more 
or less open and variously aborted panicle. 

3f. B . oleracca var. italica Plenck. 

BB. Inflorescence short at anthesis, the flowers clustered corymbosely at 
the top; flowens medium large, the mean petal length 13.2-15,325 
mm., the sepals not firmly erect but rather separating from the 
petals; pollen large (mean length 39.97-42.0 p); young radical and 
heart, leaves bearing a few translucent setae on the ribs. 

C. Beak long (mean length 16-17.3 nun.); root neither tuberlike nor 
thickened, mostly in the form of a straight tap-root; radical leaves 
long-petioled, oblong-obovate with small lobes on the lower part; 
stem-leaves oblong-lanceolate, toothed and notched but seldom 
lobed, mostly clasping. 4a. #. vapns var. oleifcra E. & G. 

CO. Beak medium short (mean length <11.2-11.7 mm.); root large and 
tuberlike with a neck, branching more or less from the lower sides; 
radical leaves similar to those of No. 4a; stem-leaves with a large 
terminal loin? with 1 or 2 pairs of smaller lobes at the base, and 
often leaf-fragments on the petiole-like eonti action, eommonly 
clasping. 4b. B. nap us v ar. napobrassri a (L.) Petr. 
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AAA. Silique medium to medium long (mean length 19.1-53.7 mm.) ; in¬ 
florescence short at anthesis, the flowers corymbosely clustered at the 
top; flowers medium small, the mean petal length 7.63-13.2 mm., the 
petals yellow or cream-yellow to cream-white. 

B. Sepals separating from the petals; pollen small (mean length 32.4- 
39.92 p,) ; petals less prominently tapering; plant green, dark green, 
or light green to yellowish-green, occasionally purple, only thinly or 
not at all glaucous; leaves glabrous to more or less sparsely setose- 
hairy on the ribs or veins. 

0. Plant mostly glaucous-green, distinctly pubescent, bearing trans¬ 
lucent setae on ribs and leaf margin; cluster of radical leaves not 
greatly developed nor of long standing but spreading over the 
ground. 

D. Boot not enlarged nor tuberlike, usually shallow and branching 
and not forming a straight, developed tap-root; stem-leaves 
sessile, auriculate-clasping; basal and lower stem-leaves vari¬ 
ously lyrate toward the base, having a long terminal lobe and 
several pairs of small lobes; often known as a weed. 

5a. B. campestris var. oleifcra E. & G. 
DD. Root characteristically large, sottish, tuberlike, without neck; 
radical leaves petioled, deeply cut into small lobes at the base, 
with a large terminal lobe above; stem-leaves mostly denticulate, 
variously clasping but not auriculate. 5b. B. campcstris var. rapifera Metz. 
CC. Plant green, occasionally purple, mostly non-glaucous, a few slightly 
glaucous; leaves glabrous to sparsely setose-hairy on the ribs or 
veins; cluster or radical leaves often greatly developed for domestic 
uses; leaves usually entire, occasionally with a few teeth along 
the base of the midrib. 

D. Stem-leaves clasping. 

E. Radical leaves broad, light green to yellowish-green, promi¬ 
nently winged along both sides of the midrib, sparsely covered 
with setose hairs on the under side of the midrib. 

F. Radical leaves yellowish-green, crinkled, their petioles very 
broad, flat, tootl)-winged; heart leaves deficient in chloro¬ 
phyll, closely folded to form a compact head. 

6a. B. chinensis var. pelrinensis (Rupr.) Sun. 
FF. Radical leaves light green or purple, neither crinkled nor 
deficient in chlorophyll, pandurate or fiddle-shaped to ob¬ 
long-ovate, sometimes the lower purl of the wing lobed or 
wanting, the petioles narrow and thin. 

, 6b. B. chinensis var. pavdurata Sun. 

EE. Radical leaves not winged, glabrous, light to dark green, occa¬ 
sionally glossy or slightly glaucous, the petioles thick, broad, 
and succulent. 

F. Radical leaves ovate to oblong-ovate, green to light green, the 
petioles white or greenish-white, standing upright from the 
ground. 6c. B. chinensis var. commvnis T. & L. 

FF. Radical leaves numerous, well spread on the ground m a 
broad rosette 50 cm. in diameter, dark green, glaucous, 
curved outward to some extent, the blades broad-ovate or 
suborbicirlar in outline, distinctly marked with a number 
of veins, the petioles greenish-white, scarcely bearing leaf- 
fragments. 6d. B. chinensis var. rosnlaris T. & L. 

FFF. Radical leaves shiny dark green, entire, glabrous, the 
petioles thick, broad, succulent, white or greenish-white, not 
wringed, the blades orbicular, usually curved inward with 
a pair of small auriculate leaflets below, standing upright in 
the winter, but spreading over the ground before, anthesis; 
petals creamy white. 6e. B. chinensis var. albiflora Sun. 
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I>D. Stem-leaves non-clasping, long and narrow, sessile, with ex¬ 
panded base; radical leaves not prominently winged, long-ob- 
lanceolate, very slender, the midribs narrow and thin, the blades 
sometimes curved inward. 6 £. B. chinensis var. an gusti folia Sun. 

BB. Sepals wide-spreading; pollen large (mean length 39.52-46.72 p) ; 
petals prominently tapering toward the base; plant green or light 
green to yellowish-green, occasionally purple, only thinly or not at all 
glaucous; mature leaves glabrous; young leaves glabrous to more or 
less sparsely setose-hairy on ribs or veins; shape various; stem-leaves 
non-clasping. 

C. Root oblong, plump, tuberlike, more or less cylindric, broad and 
truncate at both ends, with a well marked hypocotyl or neck at the 
upper part, a profusion of laterals widely diffused at the base; 
plant glaucous-green; leaf outline various; petioles short. 

7a. B. juncea var. megarrhiza T. & L. 


CC. Root not tuberlike. 

D. Lower part of the stem thickened, shortened, the nodes and the 
base of the rudimentary petioles enlarged, swollen, forming a 
nodule-like or horn like edible structure; leaves various. 

7b. B. juncea var. tsatsai Mao. 

DD. Lower part of the stem neither thickened nor shortened, no 
nodule like structure developed. 

E. Petioles of radical leaves short and stout. 

F. Radical leaves strongly developed, the blade large and broad, 
usually 30-60 cm. long, more or less hairy when young, 
entire, angled, or with fine teeth along the margin, almost 
sessile, the lower part of the midrib broad, attaining 7.5 
cm. or more in width, the blade obovate to oval in outline; 
upper stem-leaves oblong to lanceolate, usually sessile or 
tapering toward the base. 7c. B. juncra var. ruf/osa Bailey. 

FF. Radical leaves strongly developed, the blade crisped, curled, 

and fringed. 7d. B. juncea var. crispifolia Bailey. 

FFF. Radical leaves multifid into many linear or filiform lobes 
or shreds wh,ich conform to the veins. 

7*. B. juncea var. multisecta Bailey. 

EE. Petioles or midribs of the radical leaves long, narrow, and 
thin. 

F. Radical leaves long and narrow, oblaneeolate, obtuse; blades 
neither notched nor lobed but evenly dentate; very low- 
branched. 7f. B. juncea var. ohlanceolala Sun. 

FF. Leaves linear; upper stem-leaves almost without blades; 
terminal part of the radical leaves entire, the basal part 
variously notched; stem weak, branching low. 

7g. B. juncea var. linearifolia Sun. 
FFF. Radical leaves long-petioled; blades obovate to oval, 
prominently tapering toward the base, a large obtuse ter¬ 
minal lobe above and several small lobes on the lower part. 

G. Mature silique standing away from the rachis at an angle 
of about 45°; branching medium to high. 

7h. B. juncea var. gracilis T. & L. 
GO. Mature silique erect, closely appressed to the rachis, 
forming an angle of about 15° with it; branching high 
(the lowest branch measured 90 cm. above ground). 

7i. B . junrea var. orUioearpa Sun. 


SUMMARY 

A large number of morphological characters of different species of 
Brassica have been investigated and their taxonomic importance evalu&ted. 
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Parallelism in many characters between certain species has been pointed 
out. A revised key to the species and varieties is presented. The following 
species are recognized: B. nigra Koch, B. carinata Braun, B. oleracm L. 
(6 vars.), B. napus L. (2 vars.), B. campestris L. (2 vars.), B. chinrnsis 
L. (6 vars.), B. juncea Coss. (9 vars.). Sinapis alba L. is not considered 
a species of Brassica . B. pekinensis Rupr. is merged with B. chinensis L. 

ADDENDUM 

In the course of typing this paper, the writer has found the paper of SnbniB and 
Phatak (1935) on the classification of cultivated Indian mustards. These authors divide 
B. juncea into two races based on hairiness, and divide B. campextris also into two races 
based on the position of the silique on the rachis. Although the writer has not examined 
their material, some points should bo emphasized after an inspection of their descriptions. 
I doubt whether the silique of B . campestris var. erectixitiqnosa is as CTect as that of 
B. nigra; otherwise the appressed-silique character will not be confined to the 8- and 
18-chromosome species. Since there is no definite borderline between petal-claw’ and petal 
proper, I insist on including the claw’ in the length of the petal. Rabnis and Phatak deter¬ 
mined the silique length by including beak and pedicel. Because the beak length varies in 
the different species used, the results obtained by Raimis and Phatak fail to represent the 
true length of the silique proper. 
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Book Review 

A Catalog of Illinois Algae. By Max E. Britton. i~viii, 1-177. Evanston: 
The Graduate School, Northwestern University. 1944. $3.00. 

The botanical literature of the state of Illinois has been enriched by the con¬ 
tributions of some of the most active algologists in this country. A noteworthy first 
step, largely bibliographic, in summarizing to date the knowledge of Illinois algae 
obtained from both published and unpublished data, is presented in this book. The 
literature containing algological data is conveniently divided into five groups based 
on the type of investigation involved: taxonomic and floristic studies, general 
ecological and pollution studies, studies of algae as animal food supply, monographs 
and other comprehensive reports, miscellaneous papers. From this literature the 
information contained in the catalog was obtained. For the most part the scheme of 
classification found in G. M. Smith’s “Freshwater Algae of the United Stales” is 
followed. The species are listed alphabetically within each group. Following the 
name of a species a reference is given indicating a modern authority for the 
validity of the species and furnishing a readily available means of finding modern 
descriptions and other information written, as far as possible, in the English lan¬ 
guage. There are 178 genera including 962 species, varieties and forms. 

It is stated that plans are being made to extend this summary survey in sub¬ 
sequent reports to include descriptions, keys, illustrations and habitat analyses for 
the algal groups growing in Illinois. Algologists will look forward to these reports 
with great interest.— Jerome Metznek. 

PhELD Trip Reports 

March 24. The New York Botanical Garden. A study of three lines of fern 
descent was made, first from the literature available, through the courtesy of Miss 
Elizabeth Hall, Librarian, and followed by an examination of fossil forms in the palco- 
botanical collection in the basement of the Museum Building. The group then journeyed 
to the fern house in the conservatory range and continued the study by examining the 
living forms there. Mr. Milton Gallub, Horticulturist in the fern house, assisted and 
answered questions about fern propagation. Attendance 28. Leader, Mrs. Gladys P. 
Anderson. 

The success of this trip has led to a suggestion for similar studies of other groups, 
particularly tropical plants during the winter months. If this sounds interesting please 
notify the field chairman and plans will be made. 

March 31. Point Pleasant, N. J. A beautiful spring day. 'Waterfowl scarce owing 
to their heading northward two weeks or so in advance because of mild weather. The blue- 
winged teal was the best bird of the day. Also observed were: pied-billed grebes, great 
blue heron, baldpato and scaup ducks, ospreys, coots, great black-backed, herring and 
ring-billed gulls, rusty blackbird and sharp-tailed sparrows. Total species 32. Attendance 
12. Leader, David Fables. 

April 13. Boyce Thompson Institute for Plant Research, Yonkers, N. Y. The 
group first visited the research project on aeration of deep cultures for citric acid pro- 
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duction. Controlled production of test flies and the testing of efficacy of substances for 
knock down and killing of flies was demonstrated. The means of testing fungicides and 
insecticides as plant sprays, and dusts were then considered. A greenhouse heated entirely 
by light, sunlight or artificial, was displayed with plants growing thriftily. The laboratory 
for research in the nature and structure of viruses had prepared a very interesting ex¬ 
hibit as had two laboratories where growth regulating substances are being studied. 
The tour of the laboratories ended in the seed research rooms. A time lapse, kodaclirome 
movie of growth, notably the development and opening of flowers, was shown in the con¬ 
ference room. Leaders, Dr. Zimmerman and Dr. Arthur. Attendance 19. 

April 14. South fields, N. T. A walk over the Nurian and some other trails for 
lichens particularly. Over 70 species were recorded. No additional plants in flower were 
.added to the list of last week. A rather copious amount of Buxbaitmia w r as observed. 
Attendance 10. Leader, G. G. Nearing. 

April 21. Wintjbeam Mt., Midvale, N. J., for lichens and fungi. 11 Only four of us 
turned out, religion getting the better of nature . ,y Leader, G. G. Nearing. 

April 28. Si’Ctasunna, N. .1. Joint outing with Mountain Lakes Garden Club, led by 
Mrs. E. II. Kocher. li T7elonias in flower and an acre of the rare cuckoo flower, Cardamine 
pratenxis. ’ ’ Attendance 22. Our leader, G. G. Nearing. 

April 28. Audubon Nature Center and Fairfield Connecticut Garden. Weather 
was cloudless, cool and ideal for walking. A list of 21 birds was compiled in exploring 5 
of the pleasant Trails provided. Eighty-seven plants were listed, with Shortia galacifolia 
providing the thrill of the day. Wild, cultivated, and naturalized species were given equal 
consideration. The Fairchild Connecticut Gardens have been taken over by the adjacent 
Audubon Nature Center and Mr. L. J. Bradley, of the Connecticut Botanical Society, has 
been made Director. His job for this year is to restore the- Gardens. Mr. Bradley assisted 
in conducting the trip and invited us to return at any time. 

Mr. William Schneider, Jr., has made an interesting comparison of this trip with 
that of two years ago. In 1944 the trip was on May 28, a month later. Twenty species of 
birds were listed yet the two lists have only seven species in common. We wonder if the 
group went out for exotics in 1944. Blue jays, crows, and robins, missing from that list, 
are such large birds! Leader, Mrs. Henrietta Dotson. Attendance 8. 


News Note 


The privately owned and privately managed new Desmond arboretum at Newburgh, 
New York, temporarily closed during the war period, will from now on be open again, 
daily, free of charge, to interested visitors. 

Those wishing to inspect this arboretum, which, among other attractions, has a lovely 
view of the Hudson River looking down through the Highlands of the Hudson toward West 
Point, can obtain permission by writing or calling at the office of New York State Senator 
Thomas C. Desmond, 94 Broadway, Newhurgh, New York, or by getting in touch with 
Arboretum Superintendent Rudolph M. Nocker. 

The arboretum, started in 1939, now contains 499 species of trees and shrubs. Senator 
Desmond is endeavouring to include in this arboretum all native American trees and shrubs 
which may prove hardy in the Newburgh, New York, climate, together with some of the 
more interesting or more ornamental foreign trees and shrubs. 

Proceedings of the Club 

Minutes of the Meeting of November 20, 1945. The regular meeting of the Torrey 
Botanical Club was called to order by President Seaver at the Brooklyn Botanic Garden 
at 3: 40 p.m. with 8 members and friends present. The minutes were approved as read. 

There was no business and the meeting was turned over to Dr. A. H. Graves who 
spoke on the 1 ‘Effects of an Unusual Bpring.” The speaker’s abstract follows: 
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1 1 In the northeastern TJ. 8. the unusually warm early spring of 1945, followed 
by a cold wet period, lasting well into May, was the primary cause of serious 
troubles with native and cultivated trees and shrubs. First, there was much winter 
killing, which w T e should prefer to call “spring scorch.** Next, a late April frost 
killed many flowers and flower buds—in Massachusetts, 80-90 per cent of the 
flowers of all fruit trees were killed. Fortunately the New York City region and 
New Jersey escaped these killing frosts. Again, because, of continued, soaking rains 
and low temperatures, there was much root suffocation, resulting in root rot. The 
symptoms of this trouble, in early May, were similar to those of spring scorch, but 
the primary cause was different. The Sycamore blight, induced by Gnomonia vcncta, 
was unusually destructive, but fortunately was confined almost entirely to the native 
species— Platan us occidental is. 9 9 

After discussion and questions the meeting was adjourned at 4: 30 for tea which was 
served by the Garden staff. 

Respectfully submitted, 

Frances E. Wynne, 
According Secretary 

Minutes of the Meeting of December 4, 1945. The regular meeting of the Torre.v 
Botanical Club was called to order by President Seaver at Columbia University at 8: 45 
p.m. There were 35 members and friends present. The minutes were approved as read. 

The scientific program of the evening consisted of a very interesting paper by I)r. 
R. S. deRopp, “Growth of Normal and Malignant Plant Tissues in Vitro .* 9 After con¬ 
siderable discussion, the meeting was adjourned for tea at 9: 30. 

Respectfully submitted, 

Frances E. Wynne, 
according Secretary 

Minutes of the Meeting of December 19, 1945. The regular meeting of the Torrey 
Botanical Club was called to order by President Seaver at 3: 45 p.m, at the New f York 
Botanical Garden with 15 members and guests present. 

There were six persons elected to annual membership, one to associate membership, 
and four resignations were accepted with regret. 

The scientific program of the afternoon was an illustrated paper by Dr. Aubrey W. 
Naylor, “Problems in Nitrogen Fixation. * * After discussion, the meeting adjourned for 
tea at 5: 00 p.m. 

Respectfully submitted, 

Frances E. Wynne, 
Recording Secretary 
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Great Swamp (New Jersey). Bull. Torrey Club 73: 204, 205. 15 Mr 1946. 
Rehder, A. Notes on some cultivated trees and shrubs, III. Jour. Arnold Arb. 
27: 169-174. 15 Ap 1946. 

Ricker, P. L. New and noteworthy Asiatic species of Lcspcdeza. Am. Jour. Bot. 
32: 256-258. Ap 1946. 

Roig y Mesa, J. T. Estado actual de las plantaciones de eedro (Cedrela mexicana ) 
en la Isla de Cuba. Carib. Forest. 7: 93-102. Je 1946. 

Rouleau, E. Populus balsamifera of Linnaeus not a nomen ambiguum. Rliodora 
48: 103-110. My 1946. 

Salaman, R. N. The early European potato: its character and place of origin. 
Jour. Lina- Soc. 53: 1-27. 25 /. 28 F 1946. 
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Sayre, G. The taxonomic rank of Grimmia alpicola . Bryologist 49: 3-7. Mr. 
1946. 

Schomherst, E. O. The mosses of Georgia — II. The coastal plain. Bull. Torrey 
Club 73: 155-166. /. 1-8. 15 Mr 1946. 

Schubert, B. G. The Hedysarum of Hesse and Mocino. Contr. Gray Herb, 161: 
19-26. pi. 1 , 2 . 22 Ap 1946. 

Schweinfurth, 0. Orchidaceae peruvianae VI. Bot. Mus. Leaf!. 12: 185-209. 
pi. 25-21. 27 Mr 1946. 

Sharp, A. J. Bryological notes from Mexico. Bryologist 49: 13. Mr 1946. 
SherfF, E. E. Notes on certain plants in the Gray’s Manual range. Rhodora 48: 
89-98. pi. 1021-1024. My 1946. 

Sherff, E. E. Remarks upon certain Hawaiian Labiatae and Compositae. Bull. 
Torrey Club 73: 184-103. 15 Mr 1946. 

Shinners, L. H. The genus Dichaeiophora A. Gray and its relationship. Wriglitia 
1: 90-94. 30 Ap 1946. 

Shinners, L. H. Revision of the genus Aphanoslephus DC. Wriglitia 1: 95-121. 
30 Ap 1946. 

Shinners, L. H. Revision of the genus Chartopappa DC. Wriglitia 1: 63-81. 
30 Ap 1946. 

Shinners, I*. H. Revision of the genus Ktihnia L. Wriglitia 1: 122-144. 30 Ap 
1946. 

Shinners, L. H. Revision of the genus Lcucehnc Greene. Wrightia 1: 82-89. 
30 Ap 1946. 

Smith, A. C. The principle of priority in biological nomenclature. Cliron. Bot. 
9: 114-119. Autumn 1945. 

Smith, A. C. A taxonomic review of Enplrlea. Jour. Arnold Arb. 27: 175-185. 
1 /. 15 Ap 1946. 

Smith, L. B. Studies in the Bromeliaceae,—XIV. Contr. Gray Herb. 161: 29-^35. 
pi. 4. 22 Ap 1946. 

Smith, L. B. A Schubert, B. G. Studies in the Begoniaceae, — T1 [Mexico, Central 
America]. Contr. Gray Herb. 161: 26-29. pi. 3. 22 Ap 1946. 

Sorieno, A. El genero Salsola en la Republics Argentina. Revista Argent. 
Agron. 11: 233-240. 2 f. S 1944. 

Standley, P. C. & Steyermark, J. A. Flora of Guatemala. Fieldiana: Bot. 24 4 : 
1-493. 11 Ap 1946. 

Steere, W. C. Syrrhopodon simmondsii, a new species from Trinidad. Bryolo¬ 
gist 49: 8-10. 7 f. Mr 1946. 

Stevens, O. A. Botanical visits to Forts Clark, Mandan and Union in North 
Dakota. Rhodora 48: 98-103. pi. 1025 , 1026. My 1946. 

Stevens, O. A. Size, shape and number of Astragalus caryocarpus fruits. Rho¬ 
dora 48: 111. My 1946. 

Sun, Von Gee. The evaluation of taxonomic characters of the cultivated Brassira 
with a key to species and varieties—I. The characters. Bull. Torrey Club 
73: 244-281. /. / -13. My 1946. 

Taft, O. F. Some Oedogoniaceae and Zygnemataeeae from Texas and Louisiana. 

Trans. Am. Micr. Hoc. 65: 18-26. 7 pi. Ja [Mr] 1946. 

Tharp, B. O. A Barkley, P. A. Noteworthy plants of Texas — V. Additional Psor - 
aleae. Bull. Torrey Club 73: 131-133. 15 Mr 1946. 

Thivy, P. A perforating species of Eetochaeta (Huber) Wille from the Galapa¬ 
gos Islands. Pap. Mich. Acad. 30: 149-154. pi. 1 . 1944. [S 1945]. 

Tseng, Cheng Kwei. New and unrecorded marine algae of Hong Kong. Pap. 
Mich. Acad. 30: 357-172. pi. I, 2. 1944 [S 1945]. 
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Verdoom, I. C. On the genus Aloe; —Preparation of herbarium material at Pre* 
toria. Chron. Bot. 9: 150, 151. Autumn 1945. 

Walker, E. H. Additional introduced plants in the Aleutian Islands. Bull. Tor¬ 
rey Club 73: 204, 205. 15 Mr 1946. 

Walker, E. H. The preparation of a new manual of the flora of the Washington* 
Baltimore area. Castanea 11: 51, 52. Mr 1946. 

Weatherby, C. A. A new Argentine variety in Notholaena . Am. Fern Jour. 36: 

7-9. map . Ja-Mr 1946. 

Weber, W. A. A taxonomic and cytological study of the genus Wyethia, family 
Compositae, with notes on the related genus Balsamorhiza . Am. Midi. Nat. 

35: 400-452. /. 1-6 +maps 1-6. Mr [Ap] 1946. 

Weberbauer, A. El mundo vegetal de los Andes Peruvanos, estudio fitogeografico. 

| Revised and enlarged edition of Die Pflanzenwelt der peruanischcn Anden. 
1911.] Lima, Ministerio Agric. i-xix, 1-776. 15 Je 1945. 

Wherry, E. T. The Gilia aggregata group. Bull. Torrey Club 73: 194-202. 15 
Mr 1946. 

Wiggins, I. L. Xerophytie ferns in Ecuador. Am. Fern Jour. 36: 1-7. Ja-Mr 
1946. 

Williams, L. O. New and interesting Mexican orchids [from the Erik Oestlund 
herbarium]. Bot. Mus. Leafl. 12: 225-254. pi. 32, 33. 17 Ap 1946. 

Williams, L. O. Two orchids from Haiti | Lepanthes purpurata and Cattle y apsis 
Holdridgci]. Bot. Mus. Leafl. 12: 255, 256. 17 Ap 1946. 

Yuncker, T. Q*. Plants of the Manua Islands. Bishop Mus. Bull. 184: 1-73. 
map. 17 Ap 1945. 

MORPHOLOGY 

(including anatomy, and cytology in part) 

(See also under Genetics: Schnack & Gonzolez; Stout; under Mycology and Plant Pathology: 

Brodie) 

Armacost, R. R. The structure and function of the border parenchyma and vein- 
ribs of certain dicotyledon leaves. Proc. Iowa Acad. 51 (1944): 157-169. 

/. 1-4. D 1945. 

Buchholz, J. T. & Steimert, M. L. Development of seeds and embryos in Pin us 
ponderosa, with special reference to seed size. Trans. 111. Acad. 38: 27-50. 
tables 1, 2. 1 Mr 3946. 

Esau, K. Morphology of reproduction in guayule and certain other species of 
Partheninm. Hilgardia 17: 61-320. pi. 1-16. Ja [Ap] 1946. 

Gunckel, J. E. A Wetmore, R. H. Studies of development in long shoots and 
short shoots of Ginkgo biloba L. I. The origin and pattern of development of 
the cortex, pith and procambium. Am. Jour. Bot. 33: 285-295. /. 1-16. Ap 
1946. 

Jacobs, D. L. Shoot segmentation in Anacharis densa . Am. Midi. Nat. 36: 283- 
286. /. 1-6. Ja [Mr] 1946. 

Johansen, D. A. Classification of the types of Angiospcrmic embryo development. 
Chron. Bot. 9: 139, 140. Autumn 1945. 

Nast, C. G. & Bailey, I. W. Morphology of Euptelea and comparison with Tro- 
chodcndron. Jour. Arnold Arb. 27: 186-192. pi. 1-4. 15 Ap 1946. 

Reeve, R. W. Structural composition of the sclereids in the integument of Pisirn 
sativum L. Am. Jour. Bot. 33: 393-204. /. 1-19 +table 1. Mr [19 Ap] 
1946. 

Rick, G. M. The development of sterile ovules in Lyocpersicon esculentum Mill. 

Am. Jour. Bot. 33: 250-256. f. 1-21. Ap 1946. 
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Stem, H. The formation of polynucleated pollen mother-cells. Jour. Hered. 

37: 47-50. /. 6, 7. F | Ap] 1940. 

Wolf, F. A. Further consideration of glandular leaf hairs of tobacco and their 
significance. Bull. Torrey Club 73: 224-234. My 1946. 

PLANT PHYSIOLOGY 

(See h Iso under Mycology and Plant Pathology: Brierley A Stuart, Brodto, Conklin, Reed, 
Roberta, Steinberg, Walker A Foster, W T olf) 

Addoms, R. M. Entrance of water into euberized roots of trees. Plant Physiol. 

21: 107-112. Ja 1946. 

Aikman, J. M. & Brackett, G. L. Microclimatic differences in minimum tem¬ 
perature and variations in frost injury to hillculture plants. Proc. Iowa 
Acad. 51(1944): 147-356. /. 7. I) 1945. 

Aldrich, W. W., Crawford, C. L. & Moore, D. C. Leaf elongation and fruit 
growth of the Peglet Noor date in relation to soil-moisture deficiency. Jour. 

Agr. Res. 72: 389-200. /. 7, *. 1 Mr 1946. 

Appleman, C. O. A Brown, R. G. Relation of anaerobic to aerobic respiration 
in some storage organs with special reference to the Pasteur effect in higher 
plants. Am. Jour. Bot. 33: 170-181. tabic 1-20. Mr [19 Ap] 1946. 

Arndt, C. H. Temperature-growth relations of the roots and hvpocotyls of cotton 
seedlings. Plant Physiol. 20: 200-220. /. 7-6'. Ap 1945. 

Bakke, A. L. & Gaessler, W. G. The effect of reduced light intensity on the 
aerial and subterranean parts of the European bindweed. Plant Physiol. 

20: 246-257. /. 7, 2. Ap 1945. 

Bennett, E. Some aspects of the metabolism of the Kbenezer onion. Plant 
Physiol. 20: 37-46. /. 7-70. Ja 1945. 

Bernstein, L., Hamner, K. C. & Parks, R. Q. The influence of mineral nutrition, 
soil fertility, and climate on carotene and ascorbic acid content of turnip 
greens. Plant Physiol. 20: 540-572. /. 7-7. O 1945. 

Broyer, T. C. Renewal of growth by guavule transplants. Plant Physiol. 20: 
137-141. f. 1, 2. Ja 3945. 

Broyer, T. C. & Fumstal, A. H. A note on the effects of copper impurities in 
distilled water on growth of plants. Plant Phvisol. 20: 690, 691. O 1945. 

Burkholder, P. R. A McVeigh, I. The B vitamin content of buds and shoots of 
some common trees. Plant Physiol. 20: 276-282. f. 7, 2. Ap 1945. 

Burkholder, P, R. & McVeigh, I. Vitamin content of some mature and germinated 
legume seeds. Plant Physiol. 20: 301-306. f. 1. Ap 1945. 

Chang, H. T. & Loomis, W. E. Effect of carbon dioxide on absorption of water 
and nutrients by roots. Plant Physiol. 20: 221-232. Ap 1945. 

Cox, L. G., Minger, H. M. & Smith, E. A. A germination inhibitor in the seed 
coats of certain varieties of cabbage. Plant Physiol. 20: 289-294. Ap 1945. 

Curtis, J. T. A Blondeau, R, Influence of time of day on latex flow from Crypto- 
stcyia f/randiflora. Am. Jour. Bot. 33: 264-270. /. 7-6. Ap 1946. 

Dennison, R. A. Growth and nutrient responses of little Turkish Tobacco to long 
and short photoperiods. Plant Physiol. 20: 183-199. /. Ap 1945. 

Duffy, M. E. A Calloway, A. I. Observations on tale as a plant hormone. Proc. 

Pa. Acad. 19: 137-139. 1945. 

Eyster, H. C. Effect of auxins on the action of diastase in vitro. Plant Physiol. 

21: 68-74. f. 7, 2. Ja 1946. 

Frank, S. R. The effectiveness of the spectrum in chlorophyll formation. Jour. 

Gen. Physiol. 29: 157-179. 20 Ja 1946. 
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Gannan, Helen R. A Barton, Lela V. Germination of seeds of Panicum anceps 
Miehx. Contr. Boyce Thompson Inst. 14: 117-122. f. 1 4* table 1. Ja-Mr 
[My] 1946. 

Gordon, S. A. Auxin-protein complexes of the wheat grain. Am. Jour. Bot. 33: 
160-169. /. 1 +tables 1-8. Mr [19 Ap] 1946. 

Gum, O. B., Brown, H. D. A Burrell, R. C. Some effects of boron and manganese 
on the quality of beets and tomatoes. Plant Physiol. 20; 267-275. /. 1-2. 
Ap 1945. 

Gustafson, F. G. Influence of external and internal factors on growth hormone 
in green plant. Plant Physiol. 21: 49-62. Ja 1946. 

Hansen, E. Quantitative study of ethylene production in apple varieties. Plant 
Physiol. 20: 631-635. /. 1-3. O 1945. 

Hendrickson, A. H. & Veihmeyer, F. J. Permanent wilting percentages of soils 
obtained from field and laboratory trials. Plant Physiol. 20: 517-539. /. 
1-15. O 1945. 

Hodge, W. H. Alkaloid distribution in the bark of some Peruvian cinchonas. 
Oarib. Forest. 7: 79-92. Ja 1946. 

Jacobson, L. Iron in the leaves and chloroplasts of some plants in relation to 
their chlorophyll content. Plant Physiol. 20: 233-245. f. 1-11. A]) 1945. 

Johnson, L. F. V. Physiological studies on sap flow in the maple, Acer saechannn 
Marsh. C’anad. Jour. Res. C 23: 192-197. I) 1945. 

Jones, M. A. & Cooper, W. C. The lack of scion effect oik root quality of Derris 
efliptica. Plant Physiol. 21 63-67. Ja 1946. 

Judkins, W. P. The influence of kernel size, age, location in panicle, and variety 
of oat, on the variability of the Arena test. Am. Jour. Bot. 33: 181-184. 
/. 1. table 1-S. Mr [19 Ap | 1946. 

Kidd, F. A West, C. Respiratory activity arid duration of life of apples gathered 
at different stages of development and subsequently maintained at a con¬ 
stant temperature. Plant Physiol. 20: 467-504. /. 1-21. O 1945. 

Kramer, F. J. Absorption of water through suberized roots of trees. Plant 
Physiol. 21: 37-41. /. 1. Ja 1946. 

Leggatt, C. W. Germination of seed of three species of Agrostis. Canad. dour. 
Res. C 24: 7-21. 6 f . V [Mr] 1946. 

Leonard, O. A. & Pinckard, J. A. Effect of various oxygen and carbon dioxide 
concentrations on cotton root development. Plant Physiol. 21: 18-36. 

/. 1-9. Ja 1946. 

Levine, M. The effect of colchicine and acenaphthene in combination with x-rays 
on plant tissue—III. Bull. Torrey Club 73: 167-183. tables IS. 15 Mr 
1946. 

Love, A A Lfive, D. Experiments on the effects of animal sox hormones on dioe¬ 
cious plants. Ark. Bot. 32A n:o 13: 1-60. f. 1-38. 1 N 1945. 

Lqo, Sbih-Wei. Cultivation of excised stem tips of dodder in vitro. Am. Jour. 
Bot, 33: 295-300. f. 1-4. Ap 1946. 

Loo, Shih-Wei. Further experiments on the culture of excised asparagus stem tips 
in vitro. Am, Jour. Bot, 33: 156-159. /. 1-8 + tables 1-4. Mr [19 Ap] 1946. 

Loustalot, A. J. et at. Effect of copper and zinc deficiencies on the photosynthetic 
activity of the foliage of young tung trees. Plant Physiol. 20: 283-288. 
Ap 1945. 

McComb, A. L. A Griffith, J. F. Growth stimulations and phosphorus absorption 
of mycorrhizal and non-inycorrhizal north white pine and Douglas fir seed- 
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lings in relation to fertilizer treatment. Plant Physiol, 21: 11-17. /. 1-4. 
Ja 1946. 

MacDougal, B. T. & Bufrenoy, J. H. Criteria, of nutritive relations of fungi and 
seed-plants in Mycorrhizae. Plant Physiol. 21: 1-10. Ja 1946. 

Marsh, P. B. & Bollenbacher, K. The vitamin requirements of Memnonirlla and 
Slachybotri/s. Am. Jour. Bot. 33: 245-249. /. 1—3. Ap 1946. 

Marshall, H, & Maki, T. E. Transpiration of pine seedlings as influenced by 
foliage coatings. Plant Physiol. 21: 95-101. f. 1. Ja 1946. 

Martin, J. N. Changes in the germination of red clover seed in storage. Proc. 

Iowa Acad. 51(1944): 229-233. I) 1945. 

Meyer, B. S. Effects of various concentrations of boron on the development of 
Taraxacum kol; saghyz in sand culture. Ain. Jour. Bot. 33: 204-209. f. 1. 
Mr [ 19 Ap] 1946. 

Noggle, G. E. Applications of spoctrophotometric methods to problems of chemi¬ 
cal analysis in the study of plant physiology. Trans. Ill. Acad. 38: 64-67. 
1 Mr 1946. 

Pieniazek, S. A. Pre-storage carbon dioxide treatments for control of apple scald. 
Plant Physiol. 20: 313, 314. Ap 1945. 

Porter, J. W. cl ah Carotene content of the corn plant. Jour. Agr. Res. 72: 
169-187. /. 1-6. 1 Mr 1946. 

Pratt, R. & Hok, K. A. Jnfl uence of the proportions of KH 2 P0 4t MgSO«, and 
NaNO ti in the nutrient solution on the production of penicillin in submerged 
cultures. Am. Jour. Bot. 33: 149-156. f. 1-3-\ fable 1-7. Mr [19 Ap] 1946. 
Reece, P. C., Furr, J. R. & Cooper, W. C. The inhibiting effect of the terminal 
bud on flower formation in the axillary buds of the Haden mango (Man- 
gif era indica L.) Am. Jour. Bob 33: 209, 210. Mr [19 Ap | 1946. 

Sideris, C. P. & Young, H. Y. Effects of different amounts of potassium on 
growth and ash constituents of Ananas comosns (L.) Merr. Plant Physiol. 
20: 609-630. /. I-S. O 1945. 

Sideris, C. P. & Young, H. Y. E ffects of iron on certain nitrogenous fractions of 
Ananas comosns (L. )Merr. Plant Physiol. 21: 75-94./. 1-6. Ja 1946. 
Sideris, C. P. & Young, H. Y. Effects of potassium on chlorophyll, acidity, ascor¬ 
bic acid, and carbohydrates of Ananas como.sus (L.) Merr. Plant Phvsiol. 
20: 649-670. /. 1-3. () 1945. 

Steinberg, R. A. A dibasal (minimum salt, maximum yield) solution for Asper¬ 
gillus niger; acidity and magnesium optimum. Plant Physiol. 20: 600-608. 
I) 1945. 

Steinberg, R. A. Mineral requirements of Lenina minor. Plant Physiol. 21: 
42-48. Ja 1946. 

Stiles, W. Respiration. II. Bot. Rev. 12: 165-204. Mr 1946. 

Toole, E. H. & Brown, E. Final results of the Puvel buried seed experiment. 

Jour. Agr. Res. 72: 201-210. / /. 15 Mr 1946. 

Tukey, H. B. & Carlson, R. F. Breaking the dormancy of peach seed by treat¬ 
ment with thiourea. Plant Physiol. 20: 505—516. /. 1—5. O 1945. 

Uhvits, R. Effect of osmotic pressure on water absorption and germination of 
alfalfa seeds. Am. Jour. Bot. 33: 278-285. /. 1-5. Ap 1946. 

Wartiovaara, V. The permeability of Tolypcllops*s cells for heavy water and 
methyl alcohol. Acta Bot. Fenn. 34: 1-22. /. .1—6 f tables 1-6. 1944. 
Werastedt, A. On the absorption of lead into the ceils of NileUa. Acta Bot. 
Fenn. 35: 1-8. 1944. 

Whiteman, T. M. & Schomer, H. A. Respiration and internal gas content of 
injured sweet-potato roots. Plant Physiol. 20: 171-182. /. 1-3. Ap 1945. 
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GENETICS 

(including cytogenetics) 

Atwood, S. S. The behavior of the self-compatibility factor and its relation to 
breeding methods in Trifolium repens. Jour. Am. Soc. Agron. 37: 991-1004. 
I) 1945. 

Blakeslee, A. F. Removing some barriers to crossability in plants. Proc. Am. 
Phil. Soc. 89: 561-574. 10 D 1945. 

Govas, G. Numero de eromosomas do algunas Grammoas argent inns. Revista 
Argent. Agron. 12: 315-317. f. 1. 10 D 1945. 

Covas, G. & Booklet, M. Numero de eromosomas de algunas Gramineae—Stipinae 
de la flora argentina. Revista Argent. Agron. 12: 263-265. 1 f. 10 I) 1945. 
Dobzhansky, T. Lysenko’s “genetics” (a review). Jour. Hered. 37: 5-9. Ja 
[Mr] 1946. 

Dodge, B. O., Schmitt, M. B. & Appel, A. Inheritance of factors involved in one 
type of liete roeary otic vigor. Proc. Am. Phil. Soc. 89: 575-579. 10 P 1945. 
Douwes, H. Ken genetisch-chemisch onderzoek Tan Exchscholtzia calif arnica 
Cham. Genetica 23: 353-464. 2 pi. J1 1943 [Inch 13 p. English summary.] 
• Gardner, E. J. Sexual plants with high chromosome number from an individual 
plant selection in a natural population of guavule and mariola. Genetics 
31: 117-124. 2 pi. Mr 1946. 

IltiS, E. Bud-mutations in the marigold. Jour. Hered. 36: 291-295. O 1945. 
Johnson, L. P. V. Fertilization in Ulmus with special reference to hybridization 
procedure. C-anad. Jour. Res. C 24: 1-3. F [Mr] 1946. 

Jones, D. F. Heterosis resulting from degenerative changes. Genetics 30: 527- 
542. N 1945. 

Lysenko, T. D. Heredity and its variability. [Translated from the Russian by 
Theodosius Dobzhansky.] 1-65. New York, King’s Crown Press. 1946. 

Poa, W. K. & Li, H. W. Material inheritance of variegation in common wheat. 

Jour. Am. Soc. Agron. 38: 90-94. Ja 1946. 

Boss, J. G. & Boyes, J. W. Tetraploidv in flax. Canad. Jour. Res. C 24: 4-6. 
If. F [Mr J 1946. 

Sans, O. Pollen-tube growth in intergeneric pollinations on Datura stramonium. 
Proc. Nat. Acad. 31: 361-367. N 1945. 

Schnack, B. & Gonzalez, F. F. Estudio morfoldgico v eitogenetieo del lribrido 
Glandularia sant iag uensis x G. megapotamica. Revista Argent. Agron. 
12: 285-290. $ f. + pl. 7f>. 10 D 1945. 

Scott, D. H. & Biner, M. E! A mottled-leaf character in winter squash. Jour. 
Hered. 37: 27, 28. /. 12. Ja [Mr] 1946. 

Sharman, B. C, A gropyron-] ike segregates from a cross between Triticum vulgarc 
Host, and T. durum Desf. Jour. Hered. 37: 55. /. 10. F | Ap ] 1946. 

Shull, G. H. Hybrid seed corn. Science 103: 547-550. /. 1. 3 My 1946. 
Singleton, W. B. Inheritance of indeterminate growth in maize. Jour. Hered. 
37: 61-64. f. 11-12. F [Ap] 1946. 

Singleton, W. B. “Long husk” sterility in maize. Jour. Hered. 37: 29, 30. f. 12. 
Ja [Mr] 1946. 

Smith, D. C. & Nielsen, E. L. Morphological variation in Poa pratensis L. as 
related to subsequent breeding behavior. Jour. Am. Soc. Agron. 37: 1033- 
1040. D 1945. 

Stahl, J. L. Chimeras of Bowen blackberry. An unstable patented plant. Jour. 
Hered. 37: 51-53. /. 8 , 9. F [Ap] 1946. 
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Stout, A. B. Types of anthesis in Hemcrocallis and their heredity in F r hybrids. 
Bull. Torrey Club 73: 134-154. /. 1-4. 35 Mr 1946. 

Stuckey, I. H. ft Banfield, W. G. The morphological variations and the occur¬ 
rence of aneuploids in some species of Ayrostis in Rhode Island. Am. Jour. 
Bot, 33: 185-190. /. 1-18 + table 1. Mr [19 Ap] 1946. 

Zhebrak, A. B. New amphidiploid species of wheat and their significance for 
selection and evolution. Am. Nat. 80: 271-279. /. 1. Mr 1946. 

MYCOLOGY AND PHYTOPATHOLOGY 

(See also under Plant Physiology: Pratt ft Hok) 

Allington, W. B. Bud blight of soybean caused by tobacco-ring-spot virus. 
Phytopathology 36: 319-322. /. l] 2 . Ap 1946. 

Baker, K. F. ft Thomas, H. £. Failure of bud and graft unions of rose induced 
by Chalaropsis thielavioides. Phytopathology 36: 281-291. /. 1, 2. Ap 1946. 

Baxter, D. V. Some resupinate polypores from the region of the Great Lakes. 
XVI. Pap. Mich. Acad. 30: 175-191. pi. 7-74. 1944 [S 1945J. 

Bliss, D. E. The relation of soil temperature to the development of Armillaria 
root rot. Phytopathology 36: 302-318. f. 1-8 . Ap 1946. 

Bowman, D. H. Sporidial fusion in Ustilayo maydis. Jour. Agr. Res. 72: 233- 
243. 2 /. 1 Ap 1946. 

Brierley, P. ft Smith, F. F. Reaction of onion varieties to vellow-dwarf virus 
and to three similar viruses isolated from shallot, garlic, and narcissus. 
Phytopathology 36: 292-296. Ap 1940. 

Brierley, P. ft Stuart, N. W. Influence of nitrogen nutrition on susceptibility of 
onions to yellow-dwarf virus. Phytopathology 36: 297-301. /. 1. Ap 1946. 

Brodie, H. J. Further observations on the mechanism of germination of the 
conidia of various species of powdery mildew at low humidity. Canad. Jour. 
Res. C 23: 398-211. 7 f. I) 1945. 

Chitwood, B. G. ft Buhrer, E. M. The life history of the golden nematode of 
potatoes, Hcicrodcra rostochicm*is Wollemveber, under Long Island, New 
York, conditions. Phytopathology 36: 180-189. /. 7-4. Mr 1946. 

Conklin, D. B. Ultra-violet irradiation of spores of certain molds collected from 
bread. Proe. Iowa Acad. 51 (1944): 185-189. D 1945. 

Davidson, B. S. Ring rot-like symptoms produced by soft-rot bacteria in potato 
tubers. Phytopathology 36: 237-239. /. 7. Mr 1946. 
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HETEROKARYOSIS, MATING-TYPE FACTORS, AND SEXUAL 
REPRODUCTION IN NEUROSPORA 

Eva Richardson Sansome 

INTRODUCTION 

Dodge was the first to describe the experimental synthesis of lietero- 
karyons in Nrurosponi (1942). lie used “ unisexual ” lines of the homothallic 
species N. trtrasprnna and found that vegetative heterokaryons, more 
vigorous than their constituent homokaryons. could be produced, whether 
the strains were of the same or different mating-types. In N curospora rrassa 
this is not the case. In this species, vigorous heterokarvons can readily be 
made from two mutants of the same mating-type (Beadle & Coonradt 1944. 
Sansome in press;, but when two such mutants belonging to different mating- 
types are put together, no appreciable increase in vigor occurs. Beadle and 
Coonradt suggested that the lack of vegetative vigor in combinations of 
different mating-types may hr due to the “tendency of the livpbae contain¬ 
ing nuclei of the two sexes to form fruiting bodies (peritbecia) rather than 
grow in the manner of strictly vegetative hyphae.” However, there is no real 
evidence that vegetative heterokarvons can be formed from eultures of oppo¬ 
site mating-types. The experiments to be described in this paper were made 
to investigate this point on the suggestion of Dr. B. O. Dodge. The results 
are discussed in relation to the mating-type factors and sexual reproduction 
in A', rrassa and A. t< i raspcnaa. 

MATERIALS 

Preliminary experiments were made on a wild type perithecium-forming 
strain obtained from Dodge under the name A . rrassa , “ Abbott, n and also 
on combinations involving two mutants which were very similar in appear¬ 
ance, namely the mutant "crisp’* described by Lindegren (1936) and a new 
mutant *‘sfar 9 ' on the same chromosome as crisp and the mating-type factors. 
Further experiments were made on two pairs of mutants X—tf, X-9, X-10 , 
and X~1L These mutants were all obtained in the first place by X-radiation 
of microconidia of the fluffy* strain. The mutants were then crossed with 
wild type and from the resulting ascospore cultures mutant cultures of 
A and a mating-types were selected. Mutants were chosen for their reduced 
growth-rate, since it was believed that this would favor the production of 
heterokaryous, and for their dissimilarity to each other. 

X~tf and X-<) wen* distinguished from wild type and flvffy by their 
greatly reduced growth-rates and special habit of* branching, and they could 
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be readily distinguished from each other because X-P showed clustered 
branching at the ends of the hyphae whereas X-8 did not. 

X-10 and X-ll also showed reduced growth and characteristic branch¬ 
ing. In plate cultures the growth was of a rather spreading colonial type. 
Both mutants had an intense pink coloration when exposed to the light. 
The X-ll mutant gave a more reduced compact type of growth than X-10, 
as illustrated in figures 2 and 3. 

EXPERIMENTS AND RESULTS 

N. crassa . “ Abbott .’ 9 A mass transfer was made from the original tube 
which contained perithecia. Macroeonidia, which are usually multinucleate, 
from this subculture were spread thinly on a plate of potato-dextrose agar. 
On germination, 30 single maeroeonidia were isolated into tubes of potato- 
dextrose agar. One of these failed to grow, the remaining 29 cultures did 
not form perithecia. When tested with A (Lindegrcn’s ~) and a (Linde- 
gren\s~) strains, these cultures all reacted as a, giving perithecia with the A 
strain but not with the a strain. This strain therefore gave no evidence of the 
perpetuation of vegetative “bisexual” heterokaryous. It seems that the a 
component of the original culture may be more vigorous than the A com¬ 
ponent, but the experiment would have to be repeated several times with 
similar results before this could be taken as established. 

Crisp and Star Combinations. Crisp a and star a inoculated together 
gave cultures which are wild type in appearance and therefore, presumably, 
heterokaryous. Crisp a and star A were inoculated together many times, the 
cultures usually remaining mutant in appearance. On one occasion, however, 
the combination gave a culture which appeared to be of the wild type. 
Eighteen hyphal tip isolations were made from this culture and all were 
wild type in appearance. From one of these liyphal tip isolates, 40 macro¬ 
conidi al isolations were made, all of which were phenotypically wild type . 
It was thought therefore that this was a true heterokaryon involving crisp a 
and star A nuclei. However, 31 of the nnv'roconidial isolates were tested with 
A and a strains and they all gave the A reaction only. This led to the sus¬ 
picion that the apparent heterokaryosis was actually the result of a mutation 
in the star A nucleus causing it to give a mycelium of normal appearance. 
The mutated star A nucleus probably results in a more vigorous mycelium 
than that of crisp, thus accounting for the absence of crisp among the origi¬ 
nal hyphal tip isolates. This suspicion was verified by an examination of sub¬ 
cultures from the original star culture which also appeared normal, and by 
the results of crosses between the reverted star and normal. These gave some 
star segregants, indicating that either the mutation modifying star to nor¬ 
mal was not a reversion at the star locus but was a change at a different locus 
modifying the expression of star, or that the reverted star strain used in the 
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cross with normal was a heterokaryon containing some star nuclei. No evi¬ 
dence for the production of “bisexual” heterokaryons was obtained from 
these experiments. 

Since macroconidial and ordinary hyphal tip isolations had given no 
evidence of heterokarvosis involving nuclei of opposite mating-type, it was 
determined to make hyphal tip isolations from outgrowths of young peri¬ 
theeia, following the method of Dodge (1935). 

X-8 A and X-9 A Combinations. A r -8 A aud X-9 A gave a culture 
resembling that of standard fluffy. Twelve hyphal tip isolates were all fluffy 
in appearance. When uninucleate microconidia of two of these hyphal tip 
cultures were plated out aud isolated, the following results were obtained. 
The first culture yielded 119 cultures of X-8 type, 113 cultures of X-9 type, 
and 1 normal. The second culture gave 131 cultures of X-8 type, 205 cultures 
of X-9 type, and 2 normal. The three exceptional normal cultures when sub¬ 
jected to microconidial ahalvsis gave X-S: X-9 types in the following ratios. 
39 :46, 26: 23, and 8: 33. They probably resulted from the accidental picking 
up of two germinating microspores at once or from the occurrence of an 
occasional binucleate spore. These experiments show that combinations of 
X- s and X-9 mutants readily form vigorous heterokaryons, when they are 
of the same mating-type, A. 

X-8 a and X-9 A Combinations. A'-8 a was inoculated together with 
X-9 A, with no apparent increase in vigor. The culture was allowed to form 
perithecia. Individual peritheeia were isolated, the pieces of adhering my¬ 
celium were removed from them, and they were transplanted to petri dishes. 
Hyphal tip isolations were made from the hyphac which had the appearance 
of growing out from these perithecia. Forty-eight such isolations were made, 
(3* which 18 proved to be of the X-tf type and 30 of the X-9 type. When 
tested with standard A and a strains, the X-8 type gave only the a reaction 
and the X-9 type only the A reaction. 

This experiment was repeated but the cultures obtained from each peri- 
thecium were kept separate. Eight perithecia were analyzed, the number of 
isolates from the different perithecia being 6, 7, 8, 14, 14, 14, 17, and 27. 
respectively. All the cultures were of one type, namely the X-9 type. This 
evidence indicates that hyphae of only one mating-type are concerned in the 
formation of individual perithecia. The fact that only one type of peri- 
thecium was found in the second experiment may possibly be due to the 
earlier selection of peritheeia in the second experiment. It is possible that 
X~~8 tends to form perithecia later or less readily than X-9. This would be 
in accordance with the reduced vigor of X-8. 

Combinations Involving X-10 and X-ll. A further series of experi¬ 
ments was made in order to test the hypothesis suggested l)y the results of 
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the last, experiment, that perithecia are made up of hvphae of one mating- 
type only. For these experiments mutants X-10 ami X-ll were used. Figure 
1 shows tube cultures of X-10 a , X-10 A , X-ll a , ( X-10 a + X-11 a ), and 
(X-10 A‘\ X-ll a). The cultures were all inoculated at the same time into 
tubes of potato-dextrose agar. The combination of X-10 a and X-ll a clearly 
shows heterokarvotic vigor, whereas no such effect is shown by the X-10 A 
X-11 a combination. 

The mutants X-10 A and X-ll a were then inoculated on to a petri dish 
of cornmeal agar, which is favorable for perithecium production. Two inocu¬ 
lations of X-10 A were made at one side of the petri dish and two of X-ll a 
at the other. The mutants grew separately until they met. Perithecia were 
formed at the line of junction and spread out about 1 cm. on either side of it. 

Single perithecia were isolated as before and the pieces of adhering 
mycelium were carefully removed by using fine needles and washing on a 
slide in sterile physiological saline solution. The perithecia were then trans¬ 
planted to plates of plain 3 per cent agar. The use of plain agar induces a 
thin spreading growth and so facilitates the removal of single hyphal lips. 
After two days the cultures developing from the perithecia were examined. 
They were seen to be of two distinct types, as illustrated in figures 2 and 
One type of perithecium, taken from the X-lo side of the culture, gives rise 
to a rather loose colony, the other, taken from the X-ll side, to a very dense, 
compact type of colony. When two perithecia taken from opposite sides of 
the culture are put together, the hvphae appear to grow separately (figs. 
4,5). 

Altogether 54 perithecia isolated proved to be of the X-10 type and 28 of 
the X-ll type. The greater number of perithecia of the X-10 type as coin- 
pared with the X-ll type is probably to be correlated with tin* more vigor¬ 
ous, spreading habit of the X-10 type as compared with the X~11 type. 

As a further test, 50 hyphal tip cultures were made from the X-10 type 
of perithecium, 10 from each of 5 perithecia. Similarly, 50 cultures were 
made, 30 each from 5 perithecia of the X-ll type. However, in this case the 
growth was too compact for single-tip cultures to be made, so small inoculum 
cultures were made instead. The 50 cultures from the X-10 type of peri- 
theeium proved to be of X-10 type in appearance and the 50 cultures from 
the X-ll perithecia were of X-ll type. None of these cultures had produced 
perithecia three months after inoculation. 

A single tip from an X-10 perithecium was inoculated together with a 
small inoculum from an X-ll perithecium into each of 30 tubes. After 2 
months, perithecia were found in 9 of these tidies. In the remaining tube, 
only the X-ll type appeared to have grown. 

Furthermore, eight cultures from each of 5 different perithecia of the 
X-10 type, when tested with A and a strains, gave the A reaction only, while 
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nine cultures from each of 5 different X-11 peritheeia gave the a reaction 
only. 

Thus cultures obtained from peritheeia of the X-JO type were all of the 
X-10 type in appearance and “unisexual” of the A type. Cultures derived 
from peritheeia of the X-11 type were of the X-11 type in appearance and 
“unisexual” of the a type. 

DISCUSSION 

All my attempts to obtain evidence of vegetative heterokaryosis involving 
A and a nuclei in A. crassa have failed. This is in accordance with the work 
of Dodge (1935) on X. sitophila, a closely related heterothallic species. Dodge 
transferred blocks of agar containing fertilized but immature peritheeia to 
fresh agar plates and made hyphal tip isolations from the resulting cultures. 
One hundred and thirty-six such isolates produced no peritheeia. He did not 
test them for mating-types. In the present experiments, heterokaryosis was 
favored by the use of mutants having a low growth-rate, which were known 
to give vigorous heterokaryons when of the same mating-type. Nevertheless 
no e\ idence of vegetative heterokaryosis involving nuclei of opposite mating- 
types could be obtained. Moreover, the results from the X-10 and X-11 
cross, in which the peritheeia of the two types could be distinguished (figs. 
2, 3), indicate that mycelia of only one mating-type enter into the formation 
of the body wall of a single perithecium. We must conclude therefore that 
in the heterothallic species, the association of the two types of nuclei occurs 
in the ascogonium, probably by way of the trichogyne as described by Colson 
(1934), Dodge (1935). and Backus (1939). Vegetative “bisexual” hetero¬ 
karyons cannot be readily induced in these species. 

Contrasting Behavior of Heterothallic and “Homothallic” Species. 

In X. crassa and X. sitophiia mating depends upon a pair of factors, the - 
or A a factors, which segregate at meiosis in the asciis. Meiosis is followed by 
a. third mitotic division and as a result 8 aseospores are produced, 4 of type 
A and 4 of type a. In the secondarily “homothallie” species, N. tetraspenna , 
the A a factors are present and segregate at meiosis as in A T . crassa but nuclei 
of the A and a typo are associated in the young ascospore so that normally 
four “bisexual” spores are produced. “Heterothallic” lines which contain 
only one type of nucleus can be obtained by eonidial isolations from the nor¬ 
mal “ homothallic” type. 

As has been mentioned in the introduction Dodge (1942) produced 
vigorous heterokaryons in the “homothallic” species A 7 , tetrasperma , whether 
he combined two lines of the same or of opposite mating-types. The fact that 
“bisexual” heterokaryons in N. tetraspenna may show heterokaryotic vigor 
renders less plausible the suggestion of Beadle and Ooonradt (1944) that the 
lack of heterokaryotic vigor in “bisexual” combinations of A\ crassa is duo 
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to a direction of the energies of the plant towards sexual reproduction rather 
than vegetative vigor. Dodge (1935) found that hyphal tip isolations made 
from outgrowths from small blocks of agar bearing young peritheeia ob¬ 
tained by mating “unisexual” lines of N. ietrasperma were uniformly “bi¬ 
sexual.” Although one can often isolate from such “bisexual” mvcelia single 
tips which will be “unisexual,” it seems that the difference between the so- 
called “homothallie” species and the heterothallic species of Neuron par a 
is not merely a question of the mechanism of spore formation, but rather that 
nuclei of opposite mating-types are normally associated at all stages in the 
“ homothallie 11 species, whereas in the heterothallic species they are kept 
apart until the time of sexual reproduction, as suggested by Dodge (1935). 

“Bisexual” Heterokaryons in N. crassa. Lindegren (1934a) found that 
three out of five strains isolated from nature formed peritheeia with both 
A and a strains, although they were self-sterile. These strains, which were 
of the eonidial wild type, were crossed with tester strains of the fluffy type. 
A number of asei from these crosses were dissected and it was found that 
certain asei contained ascospores which gave rise to wild type and fluffy cul¬ 
tures in the expected 1:1 ratio, but other asei gave rise only to wild type 
cultures. The latter are supposed to be due to self-fertilization and are taken 
to indicate that the wild type is actually dikaryotic for the mating-type 
factors. This assumption is borne out by the fact that one “bisexual” strain 
showed somatic segregation, giving subcultures with one mating-type reac¬ 
tion only. Lindegren accounted for the self-sterility of the wild type cul¬ 
tures by assuming that they possessed genetic factors for heterokaryon self¬ 
sterility. Some support for this assumption is to be found in the results of 
combinations between some of the segregates from the original crosses. It 
was found that some of these combinations did not form peritheeia, although 
known to be of opposite mating-tvpes, because of their reaction with tester 
A and a lines. Lindegren suggests that “bisexual’ 1 heterokaryons arise in 
nature by the anastomosing of hyphae containing A nuclei with hvphae con¬ 
taining a nuclei and that in certain conditions natural selection will act in 
favor of self-sterile heterokaryons. The evidence of the present experiments 

Explanation of figures 1-5 

Pig. 1. 4-day (Mil turns on potato-dextrose agar of A '-10 a. X-10 A . A -11 <i, {X-10 a 
i-X-U a), and (X-10 A 4 - X—l 1 a). lleterokaryotic vigor is shown by the combination 
involving two mutants of the same mating typo a but not by the combination involving 
mutants of different mating type. Fig. 2. 4-day colony from young peritheciuui of the 
X~10 type, x 8. Fig. 3. 4 -day colony from young peritheciuui of the X-.11 type, x 8. 
Fig. 4. 4-day colony from young peritheeia of the X—10 and X-ll types, x 8. Fig. 5. 
Part of figure 4 showing the mycelia of X-lf) and X-ll type growing side by side, x 25. 
Figures 2-4 were obtained by growing the colonies on cellophane strips (Fleming & Smith 
1944) on plain agar, and mounting on microscope slides for photographing. Figure 5 was 
taken from the colony illustrated in figure 4 after it had been fixed in formal-acetic, 
stained with chlorazol black and mounted in gum chloral. Photograph and photomicro¬ 
graphs by E. Ashby. 
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and of the work of Kohler (1930) indicates that “bisexual” heterokaryons 
are not normally formed in this way. If the “bisexual” heterokaryons found 
by Lindegren originated by mycelial fusion they must have possessed factors 
permitting the vegetative association of A and a mycelia not present in the 
lines studied in these experiments. It is possible that these heterokaryons 
arose from “bisexual” spores. Lindegren (1934b) reported an exceptional 
ascus in A T . cntssa which had four large ascospores and four small “akary- 
otic ” spores. The large spores gave rise to self-fertile cultures. Single conidial 
isolations were made from these cultures and, while most of these were “bi¬ 
sexual,” some were “unisexual” as the result of somatic* segregation. This 
somatic segregation proves that the cultures were heterokarvotic for the 
mating-type factors. Ascospores from self-fertilized perithecia gave hotero- 
thallic “unisexual” cultures. 

Moreau and Moruzi (1932a, b, c) also obtained cultures from giant aseo- 
spores of N. sitophila which were “bisexual” and self-fertile. They do not 
report the occurrence of somatic segregation in these forms, but ascospores 
from the self-fertilized perithecia gave heterolhallic cultures. The “bisexu¬ 
ality” in these instances also was almost certainly due to the fact that the 
cultures were heterokarvotic for the A a factors. 

These “bisexual” heterokaryons arising in experimental material differ 
from the natural races investigated by Lindegren in being self-fertile. Since 
somatic segregation was observed in one case in which single conidia were 
isolated, it is possible that the fertility is due to a reaction between the 
heterokaryou and segregated homokaryotie mycelia. The author has also had 
some single-ascospore cultures which give both A and a reactions and appear 
to be heterokarvotic for these and other factors. These cultures form selfed 
perithecia but rather sporadically, as one would expect if perithecial forma¬ 
tion is dependent upon the somatic segregation into one or other of the “ uni¬ 
sexual” types. 

Hormones and Sexual Reproduction in Neurospora. Moreau and 
Moruzi (1931) claim that perithecial formation in A\ sitophila is caused by 
the stimulation of the mycelium of one mating-type by a hormone produced 
by the other mating-type and may be independent of the fusion of two nuclei 
of opposite mating-tvpes. They inoculated one mating-type into one arm of 
a U-tube containing cornmeal agar and the opposite mating-type into the 
other arm. Ripe perithecia were produced in one arm of the tube and large 
sclerotia (incipient perithecia) in the other. The authors describe experi¬ 
ments by which they claim to show that mycelia do not pass from one arm 
to the other and therefore they attribute the formation of perithecia to the 
stimulation of a hormone. Dodge (1932) and Aronescu (1933, 1934) repeated 
these experiments and found that one type of mycelium grows into the other 
arm if air pockets are formed. Aronescu also dissected and grew the asco- 
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spores from single asci and in every ease found a segregation of the two 
mating-types in a 3 : 1 ratio. There is reason to suppose, therefore, that the 
l T -tnbe method does not afford a satisfactory means of keeping the two types 
of mycelium apart after air poekets develop in the culture. Lindegren 
(1934a) has suggested that the line producing perithecia in Moreau and 
Moruzi’s experiments is a self-sterile ‘‘bisexual” heterokarvon and that hor¬ 
mones produced by the second line neutralize the effect of the self-sterility 
factors. More recently Moreau and Moreau (1938a, b) have made further 
experiments which appear to show the presence of a hormone concerned witli 
perithecium production in X. siiophila and N. tf traspcnna. Cultures of one 
mating-type were grown on comment agar in a petri dish. When the cultures 
were well grown the agar was sterilized by heating with steam without pres¬ 
sure for 10 minutes, or by treating with ether or chloroform vapor. After¬ 
wards samples were taken from the agar and incubated, and at the same time 
the agar was inoculated with the opposite mating-type. The samples showed, 
no growth, indicating that the original mycelium had been killed by the 
treatment, and the mvcelia of the opposite mating-type showed perithecial 
formation, though somewhat irregularly. This is taken to indicate that peri¬ 
thecial formation is stimulated by a hormone not completely stable at 
100° C. Unfortunately Moreau and Moreau do not report on the mating-type 
reactions of the cultures coming from such perithecia. If the asei result from 
self-fertilization of a truly “unisexual" type they should produce spores of 
one mating-type only. If however they are the result of accidental contami¬ 
nation with the opposite mating-type or of the effect of hormone action on a 
dikarvotie potentially “bisexual" type, they should give cultures of both 
mating-types. It is conceivable that a potentially “bisexual" type might give 
one mating-type reaction only but when selfed it should give spores of both 
types. 

In the absence of evidence that the ascospores produced by selfing induced 
by hormone action are of one mating-type only, we must continue to believe 
that the sexual reaction involves the fusion of two nuclei of opposite mating- 
types. On the view that hormone action in itself is sufficient to induce asciis 
formation in a “unisexual" mycelium, occasional selfed perithecia would 
be expected to occur in ordinary crosses. Thousands of asci have been dis¬ 
sected by the Lindegrens and others without such perithecia having been 
found, except in lines which could be shown to be heterokaryotic for mating- 
type. 

Sexual Reproduction as the Result of Hormone Action and the Fusion 
of Nuclei of Opposite Mating-Type. Then* is considerable evidence that 
sexual reproduction in Ncurospora depends upon the fusion of two nuclei 
of opposite mating-types, and no conclusive evidence that it can occur with¬ 
out this. Nevertheless, there are certain reasons for supposing that hormones 
may play a part in sexual reproduction. 
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Single-spore cultures of different mating-types, if kept isolated, can pro¬ 
duce sclerotia or incipient peritlieeia. The extent to which these are produced 
depends upon the strain of fungus and the cultural conditions. Both mating- 
types can produce these sclerotia. under suitable conditions. Nevertheless 
they seem to be produced much more rapidly in the presence of the opposite 
mating-tvpe, which may indicate that one mating-type secretes a substance 
stimulating incipient perithecium formation in the other. 

The behavior of self-sterile “bisexual” heterokaryons, which when 
brought into contact with a heterothallic line produce selt'ed as well as 
crossed asci, is best explained by assuming that the self-sterilitv is removed 
by the stimulus of substances produced by the heterothallic line. The experi¬ 
ments of Moreau and Moreau also appear to indicate the occurrence of a 
hormone connected with perithecium formation. 

It seems feasible that the formation of functional peritlieeia is dependent 
upon a hormone which can only be produced by “unisexual” lines or which 
is dependent for its formation on the interaction of lines of opposite mating 
type. On this hypothesis the occurrence of selfing in .a “bisexual” strain is 
believed to be due to the somatic segregation into one or more “unisexual” 
types, leading to perithecial formation. “Bisexual” lines that are self-sterile 
are believed to be so because of the suppression of somatic segregation in 
these lines. Self-fertilization may be induced in such types by bringing them 
into contact with “unisexual” lines of independent origin, with a consequent 
stimulus to perithecium formation. 

If perithecium formation is dependent upon the presence of a “uni¬ 
sexual” line or the interaction of lines of opposite matiug-tvpes, it is clear 
that the production of somatic heterokaryons involving nuclei of opposite 
mating-tvpes must not take place if sexual reproduction is to occur. This 
phenomenon by which heterokaryons may be readily formed by mycelia 
with nuclei of the same mating-type but not between those of opposite 
mating-tvpe is probably very widespread. Ziekler (1934) was the first to 
prove that in certain heterothallic uscomycetes the sterile part or framework 
of a perithecium is not formed by an intermingling of hyphal branches from 
both mating-tvpes grown in the culture. On the contrary, if a perithecial 
primordium arising, for example, from a reddish-brown mycelium of Bom- 
bardia hmata is spermatized with spermatia from a greenish mycelium of 
opposite mating-type, the mature perithecium will be reddish-brown; aiid 
vice versa. Hansen and Snyder (1943) describe two lines in Hypomyccs 
solani f. cucurbitae , one with red, the other with white peritlieeia. In crosses 
between these two lines the peritlieeia are either red or white, indicating that 
only one mating-tvpe goes to form the framework of a single perithecium. 
Vandendries (1934) described an apparently similar type of behavior in the 
basidiomycete LenzHvs bctnlina (Tj.) Fr. In this species, there are four 
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mating-types depending upon two factor-pairs, and there is a * 4 barrage 
sexuel” between b and b' and independent of a and a'. 

The capacity to form lieterokaryons may not be determined by the mat¬ 
ing-type factors alone. Indeed one case was observed in which two mutants 
of the same mating-type would not form a heterokaryon when grown to¬ 
gether. It is possible that the reverse phenomenon, by which modifying 
factors permit the vegetative association of lines of opposite mating-type, 
may also occur. Such modifying factors would account for the behavior of 
the self-sterile “bisexual” lieterokaryons described by Lindegren. Somatic 
segregation in such a type would be followed by re-fusion so that perithecium 
formation would not occur. The effect of somatic segregation would also be 
neutralized if the segregauts had a lower growth-rate than the heterokaryon. 
However, this explanation would not account for the “sterile” combinations 
between lines derived from the “bisexual” strains, whereas vegetative fusion 
would. 

In the heterothallic species, therefore, sexual reproduction seems to in¬ 
volve at least two types of reaction. The production of functional peritheeia 
seems to be dependent upon the presence of “unisexual” lines, possibly of 
two types, and the actual process of fertilization depends upon the fusion 
of two nuclei of opposite mating-type in the young ascus. Sexual reproduc¬ 
tion therefore depends upon an interaction between mycelia of opposite 
mating-type, in which hormone action may be concerned, as well as upon the 
fusion of nuclei of opposite mating-type. In the “homothallic” forms, the 
interaction between mycelia of opposite mating-types has been eliminated. 
The “bisexual” mycelium forms peritheeia without any external stimulus. 
The way in which the secondary homothallic type has evolved from the 
heterothallic one is a problem that requires further investigation. 

Beadle and Coonradt (1944) suggest that the phenomenon of hetero- 
karyosis is a step in the evolution of a sexual reproduction. This assumes that 
the A a factors are true sex factors. However, it seems more probable that 
Nnnospora is hermaphrodite and the A a factors arc more closely related to 
incompatibility factors (Sansome & Philp 1932) since both types produce 
ascogonia, the female sex organs, and microeouidia which may correspond 
to spermatia. A consideration of the work of Zickler (1934, 1937) on Bom - 
barrfia In Haiti and that of Hansen and Snyder (3943) on Hypomyces solani 
f. nicurbiiae is in confirmation of this view. In BombtmJia what appear to 
be true sex factors are inherited independently of the mating-type factors. 
The primitive sexual condition was probably an S-spored homothallic type, 
heterothallism being a derived condition. The present work indicates that 
heterokarvosis could not have been a step in the evolution of the heterothallic 
system, since a suppression of heterokarvosis is associated with the mating- 
type factors. Heterokarvosis is probably a fairly primitive condition since 
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it is of widespread occurrence. On the other baud, it may have evolved inde¬ 
pendently in different groups, especially since it is a very favorable condi¬ 
tion. It would appear to be the ideal condition for a multinucleate, relatively 
undifferentiated organism because of its extreme flexibility, giving; the possi¬ 
bility of rapid adaptation to different conditions. The heterothallie species 
such as Ncurospora crassa arc able to form heterokaryons within each 
mating-type and under suitable conditions sexual reproduction takes place 
between opposite mating-types. In the secondary “liomoth«Uic ,,f types such 
as N. letraspenna the A a nuclei are associated throughout the life history 
and there is no restriction on heterokarvosis. 

SUMMARY 

The following: evidence indicates that heterokaryons are not normally 
formed involving the A and a factors in X. crassa. The A and a nuclei appear 
to be kept apart until the time of sexual reproduction and are probably 
brought into association by ayrv of the trichogyne. 

A-tf A and XA) A cultures readily form heterokaryons with greatly 
increased vigor. X-H a and X-!) A combinations nun a in mutant in appear¬ 
ance. Hyphal tip isolations from perithecia of this combination gave 18 cul¬ 
tures of X-tf type and 30 of X-9 type. In a second cross, from which eight 
perithecia were isolated, 101 hyphal tip cultures all of X-!) type were 
obtained. 

In a similar experiment involving two further mutants, X-tO and A-//, 
it was found that the colonies formed by individual perithecia could be 
classified as X-U) or A -11 in type. Fifty-four perithecia of X~10 type and 
28 perithecia of X-11 type were isolated. Hyphal tip isolations from the 
X-10 type perithecia were X-10 type in appearance, and small inoculum 
transfers from the X-11 type of peritheeium were X-U type in appearance. 
All such isolations were “unisexual” and when tested the X-U) type were A 
and the X-Jl type were a in mating-type reaction. 

These results are discussfd in relation to the behavior of the “liomo- 
thallic” species N. tefrasperma and to theories on the role of hormones and 
nuclear fusion in sexual reproduction in Neurospora. 

The experiments described in this paper were commenced at the Depart¬ 
ment of Genetics of the Carnegie Institution of Washington, Cold Spring 
Harbor, New York, and finished at the Department of Crypt ogam ie Botany 
of the University of Manchester. The author wishes to thank the directors 
and staffs of these departments for their help and encouragement, and Dr. 
B. 0. Dodge and Prof. F. J. Ryan for critical reading of the manuscript and 
helpful suggestions. 

Department of Cryptogam ic Botany 
University of Manchester 
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SELF-STERILITY IN “BISEXUAL” HETEROCARYONS 
OF NEUROSPORA 

B. 0. Dodge 

In the work on heterocaryotic vigor in Ncurospora tctraspcrma (Dodge, 
Schmitt & Appel, 1945) we found at times that certain factors must be inter¬ 
fering with the orderly development of perithecia in cultures of some of the 
fj heterocaryotic segregant races. If wo consider merely the obvious effects, 
there appeared to be at least two or three kinds of sterility. (1) Many pori- 
thecia developed to full size in the culture, but no asci ever arose in them. 
The full functioning of the mating-type factors had been blocked, but not 
until the framework of the peritheoium had been completed. The sterility 
factors became effective first at the critical stage of sexual reproduction, 
namely, at the formation of ascogenous hyphae. It might have been a simple 
matter to eliminate these interfering factors, but our problem was to follow 
the complementing factors for heterocaryotic vigor as they were handed down 
by the parent races along with the sterility factors regardless of how much 
trouble the latter gave us when it came to genetic considerations. (2) Some 
of our bisexual f\ hetei’ocaryotie races grew vigorously in culture, but only 
a very few perithecia made their appearance. Races in this group were of 
two kinds. The few perithecia that were finally developed in certain cultures 
delimited many ascospores, while no asci were formed in perithecia of other 
races. (3) No perithecia were ever formed in cultures of certain races which 
were later proved to be heterocaryotic* for mating type factors. It was be¬ 
lieved that the operation of the “sterility” factors in groups (2) and (3) 
above was merely one of degree of tiie sterility affected, rather than a differ¬ 
ence in the nature of the factors which limited the number of perithecia in 
a culture. 

Experiments with breeding races of X. sitophila which will be described 
later seem to afford one possible explanation for the sterilities in groups (2) 
and (3) of A. tctraspcrma noted above. The same explanation may apply to 
the “bisexual” self-sterile heterocaryotic races of N. crassa discussed by 
Lindegren (1934) and by Sansomc (1946)» and to certain cross-sterilities 
between two unisexual races even though they are of opposite mating types. 

Aronescu (1933), working in this laboratory with certain non-conidial 
races of N. sitophila t made crosses between two races, one of which developed 
large numbers of incipient perithecia, and the other of which produced very 
few if any of these receptive structures. She isolated the eight spores from 
some of the F x asci and proved for the first time that the factors controlling 
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the relative abundance or paucity of incipient, perithecia produced by indi¬ 
vidual races are segregated at meiosis. She could not carry on this work to 
its theoretical conclusion. That is, she did not mate or prow together in cul¬ 
ture two races of opposite mating-type, each of which produced by itself an 
abundance of incipient perithecia, and then by contrast grow together two 
races of opposite mating-type, neither of which developed by itself any of 
these receptive bodies. This the writer has now done. The results of such 
matings, as well as brief studies made on a few “wild type” conidial races 
from bread from various localities, will bo reported here. 

The races employed by Aronescu were obtained by mating two non- 
conidial races of .V. silophila originally described by the writer (1930). She 
did not give the full pedigree of the strains she used but it is certain that 
they were both direct descendants from the mating 50.2 ^ 56.6. Both these 
races originally produced an abundance of incipient perithecia. Backus 
(1939) employed them in his excellent work on “conidiation.” The writer 
has carried these races in culture for 17 years. Race 56.2, mating-type has 
not changed materially, but race, 56.6, mating-type -t, no longer produces 
incipient perithecia. We shall from now on refer to these receptive bodies 
as “protoperitbecia,” a good term coined by Buller. The symbol P will be 
used to designate a race that produces by itself protoperitbecia, and p will 
be used to designate a race that produces few if any of them. 

Ascospores from the mating 56.6 56.2 were sowed on plates of Difco 

potato-dextrose agar and then given the heat treatment. Some 200 or more 
single germinating ascospores were isolated and grown in tubes. These cul¬ 
tures were observed Frequently for several weeks to determine which ones 
produced, protoperitbecia and which ones did not. In the meantime the mat¬ 
ing-type, A or (/, of each of 152 of these f, segregant races was determined. 
The tester races used were 56.2, mating-type (/, and f, races Nos. 36, 39? 44, 
and 50, which were mating-type A. All five testers produced many proto- 
perithecia. The results of these tests were as follows: 73 were mating-type A 
and 79 were mating-type a: 72 were /\ producing protoperitbecia, and 80 
were }>, producing few if any protoperitbecia; or 34 PA ; 38 Pa; 39 pA; 41 
pa , that is, 77 old combinations to 75 new combinations. There was no evi¬ 
dence of linkage. 

From the 80 races which did not seem to produce protoperitbecia we chose 
thirty-four races at random. Fourteen of these happened to be mating-type 
-1 and twenty were type a. These were divided into two groups each of 
which included seven of mating-type A and ten of type <t. Within each 
group the races were grown together in pairs in all combinations of the 
-1 and a types, and checks with the parent races 56,2 and 56.6 were also 
included. The cultures of the mated races were observed for several weeks 
or until they dried out. Not one of the 140 mixed cultures produced peri- 



412 


BULLETIN OF THE TORRES’ CLUB 


(Vot. T3 


thecia. No pA race fruited with a pa race, and no pa race fruited with the 
tester 56,6, which is pA; but all the pA races so far as tested fruited with 
the tester 56.2, which is Pa. Zickler (1934), working with Bombardia lunata, 
indicates by his diagrams that he was unable to obtain perithecia when he 
cross-spermatized two races neither of which produced protoperithecia. He 
does not state, however, that he also grew his two races together in the same 
culture. 

So far as our experiment goes we must believe that either the one or 
the other of the two races mated must produce protoperithecia if fertiliza¬ 
tion leading to production of perithecia is to be consummated. We found 
no evidence that a race pA could stimulate the formation of protoperithecia 
by a race pa, or vice versa. This does not mean, however, that a race which 
is producing a fe w protoperithecia in a culture may not be induced to pro¬ 
duce additional protoperithecia, as Kansome (1946) also appears to believe, 
by a change in the medium, by the addition of hormones, by the introduction 
of some other race into the same culture, or by the application of micro- 
conidia or monilioid conidia. It is clear that whenever a race which has been 
proved to be heterocaryotie for mating-t.vpe factors A and a fails to produce 
perithecia, it may well be that neither component of the heterocaryon could 
produce protoperithecia if grown by itself. 


Heretofore whenever we have grown races 56.2, Pa, and 56.6, pA, to¬ 
gether in culture, protoperithecia always developed. It would be curious 
reasoning to call this a dominance of P to p, or to say that protoperithecium- 
formation is a dominant character, especially as we have not yet proved 
that a mingling of these two mycelia in culture ever results in hetero- 
caryosis. This work should be carried on further in the light of Sansome’s 
report (1946) that in the obligately heterothallic species, N. cratssa, one can 
readily obtain heterocaryotie races by growing two different races together 
provided these races are o£ the same mating-tvpe, but not when they are of 
opposite mating-type. The writer, working with the same 1 ‘Abbott” race 
of N. erassa has fully confirmed the latter part of her claim. The first part 
would also be confirmed if we grew our race 56.6, which is pA , with race f, 
200, for example, which is PA; or grew* race fi 210, Pa, with race f\ 280, pa. 
In bdth eases protoperithecia will be formed in the cultures but one will 
not know whether or not the mycelium is really, heterocaryotie until both 
components, either PA and pA or Pa and pa, can be isolacted from a 
mycelium derived from a single-tip isolate from the suspected heterocaryon. 
Would it not be illuminating to find that the heterocaryons, either (Pa-pa) 
or ( PA-pA ), would not produce protoperithecia in culture? It would be 
difficult to refute the argument that p is dominant to P and therefore we 
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should transpose our symbols. The writer was much disturbed by the results 
of certain plate culture experiments which showed a sort of composite effect 
of a type of “dominance” such as just hypothesized above. 

“dominance” in multi-spobe cultures 

The plate cultures from which the 200 or more germinating ascospores 
had been isolated, as noted earlier, were set aside for several weeks. Many 
germinating ascospores still remained in each plate and these spores had 
continued to grow. There were, therefore, probably two or three hundred 
different fi mycelia in each plate. Approximately 50 per cent of these 
mycelia must have carried the factor P for protoperithecia and the rest 
must have carried p. The mating-type factors, A and a, must also have been 
equally represented. Theoretically, protoperithecia and later perithecia 
should have developed in these plates. Such was not the case, however; 
none of these bodies was found in the cultures even after several weeks. 
Believing that some faulty technique or culture conditions were responsible 
for this apparent “dominance” of the factor p, we repeated the experiment 
three times sowing as before many ascospores on plates of potato-dextrose 
agar. After heat treatment it was seen that many ascospores had germi¬ 
nated, but none of them was removed from the plates. The results were the 
same as before. No protoperithecia and no ascocarps ever developed in any 
of the eight different plates, although in each there must have been a hun¬ 
dred or more mycelia of each mating-type and fifty per cent of them would, 
if isolated and grown by themselves, have produced protoperithecia. Since 
no receptive bodies were ever developed in the plates no perithecia could be 
expected to form. The failure of such multispore cultures to produce proto¬ 
perithecia was probably merely a reaction to unfavorable culture conditions 
brought about by the excessive dosage of germinated ascospores. It has 
nothing to do with dominance. A similar experiment but made with a differ¬ 
ent culture medium might have resulted quite differently. 

The writer is indebted to Mr. Charles Beall for isolating over 200 germi¬ 
nating fi ascospores from the mating 56.2 x 56.6. He recorded that of the 
162 ^ races studied 107 were judged to produce few if any protoperithecia. 
Observations made after his cultures had dried out, however, proved that 
quite a few of these cultures had actually good protoperithecia which had 
been overlooked. Only 53.2 per cent of those checked failed to produce 
receptive bodies. In both sets of our experiments the numbers of raees that 
failed to produce protoperithecia were somewhat in excess of those that 
developed these bodies. . 

Aronescu (1933) inoculated the medium in one arm of a U-tube with two 
races of N. sitophila, one of which was eonidial and the other non-eonidial, 
the two races being in each case of opposite mating-types. Perithecia soon 
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developed in the first arm at the point of inoculation. In due time mycelial 
hyphae appeared at the surface of the medium in the second arm. In both 
U-tuhes figured in her plate 14, the mycelia that finally appeared in the 
second arm bore conidia. Was this a proof of heterocaryosis attained, and 
of the dominance of (7 to cf The answer is no. She proved that only one of 
the two mycelia used in the 86 experiments ever arrived in the second arm. 
The one that got started first or had the faster inherent growth rate was 
thepne that “dominated” the situation. Aronescu did not in any case inocu¬ 
late the one arm with non-conidial and conidial races both being of the same 
mating types. She did prove, however, that heterocaryosis was not consum¬ 
mated in any case where the two races were of opposite mating-types. 

Certain other experiments involving tests for mating-types indicate how 
badly one can be misled by superficial appearances when judging hetero- 
caryotic conditions and so-ealled dominance in mixed cultures. A few 
examples will illustrate this point. Voth 2, Voth 5, Wall, Sands, HSS fi, 1, 
5, 8,15, and 24 were all conidial, mating-type A. Voth 4, HSS 17, 22, 28, 
and 33 were all conidial, mating-type a. Each of these races was grown 
separately in mixed culture with race 56.2, non-conidial. mating-type a. 
The mixed cultures Voth 4+ 56.2 (a + a ) and Wall + 56.2 (A + a) produced 
many characteristic orange-colored conidia, while all the other mixtures 
with 56.2 were albinistic and practically non-conidial. All mixtures of oppo¬ 
site mating-types produced perithecia, proving that both races in each case 
grew well. The races in mixtures 56.2 +HSS f,, 33 and 56.2 +HSS ft, 17 
were of the same mating-tvpe and so both mixtures could have been hetero- 
caryotic. Some would claim that c was dominant to C. In mixture 56.2 + Voth 
4 (A + a) however the C was “dominant” to c. 

PROTOPERITHECIA ON WILD-TYPE MYCELIA 

Shear and Dodge (1927) noted that certain races of Neurospora pro¬ 
duced numbers of little “sclerotia” or “bulbils,” as they called them, while 
other races produced very few of them. The following year the writer (1928) 
said: “Mycelia of species of Neurospora produce coiled structures which 
very likely are morphologically equivalent to sex organs.” It was not until 
later (1932, Dodge & Swift 1933) that it was proved experimentally that 
the “sclerotia” of Neurospora are receptive structures. Since then we have 
been careful to keep as our tester races only those that develop incipient 
peritheeia when grown alone. Whether or not races being tested produced 
them was usually not recorded. 

The failure of race Dwarf 16 (Dodge, Schmitt & Appel 1945) to produce 
protopjeritheeia could be due to the blocking effects of the dwarf factor u. 
This samedwarf race does not produce the monilioid conidia in culture, but 
it has been proved genetically that it carries the factor C for conidia. This 
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factor C is also blocked, or prevented from expressing its effects, by the 
dwarf factor v . 

During the past year we have received several samples of moldy bread 
from various sources and so have been able to make a few more observations 
on the production of protoperithecia by wild-type races of N. sitophila . The 
“Beall 7 ’ race, mating-tvpe A, for example, produces very many large proto¬ 
perithecia. The < * Sands ’ 9 race, also mating-type A , produces many definite 
protoperithecia, but they are small. A sample of moldy bread “HSS” was 
brought in by students of the Bronx High School of Science. Cultures from 
the bread produced some perithecia and so must have originally contained 
both mating-types. Many single tip cultures were all unisexual, mating-type 
a. Fifty single ascospore cultures were also studied. Thirty-five of these 
races were tested for mating-type. Eighteen were A and 17 were a. None of 
these races produced easily recognizable protoperithecia in any abundance 
on a malt extract agar medium. However, one could usually find scattered 
here and there quite a few small colorless bodies which could probably func¬ 
tion as protoperithecia. It is such races as these that should be studied more 
extensively. We know from earlier studies that some races produce proto¬ 
perithecia that continue to grow to reach the size of mature perithecia 
without fertilization. This HHS material represents races which do not 
develop characteristic protoperithecia, that is, receptive bodies easily seen 
with a hand lens, and which turn brown after a few days. 

Professor P. D. Voth sent us several different cultures of N. sitophila 
taken from bread in Chicago. None of these produced what might be called 
“typical” protoperithecia. Votli 4, mating-type a, grown in plate cultures 
on cornmeal agar seemed to be entirely devoid of protoperithecia for a whole 
week, yet when conidiated with the Sands race this plate developed quite a 
few good perithecia and also numbers of good protoperithecia which were 
confined to the spot conidiated. 

The writer, after some study of the wild-type races mentioned above; is 
not in a position to warrant any conclusions whatever on this matter of pro¬ 
duction of protoperithecia. Receptive bodies may often consist merely of 
differentiated special hyphal branches which would be called ascogonia. If 
they were not conidiated or spermatized they might not go on to grow into 
what we call protoperithecia. Whether or not production of ascogonia or 
protoperithecia is regulated by a single pair of factors is still a question. 
The results of the experiments with the non-conidial races 56.2 and 56.6 
seemed to show 7 rather definitely that factors P and p had been segregated 
according to Mendelian principles at reduction. No such clear cut segrega¬ 
tion was evident when we studied such wild type races as the HHS and 
Voth races. Nevertheless, it is clear that in all studies of sterilities or incom¬ 
patibilities which are concerned with the production of perithecia it is im- 
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portant to determine whether (and to what extent) the races being analyzed 
are eapable of producing receptive bodies, be they simple ascogonia or the 
more complicated protoperithecia. 

The New York Botanical Garden 
New York 

Literature Cited 

Aroneecu, Alice. 1933. Further studies in Neurospora aitophila . Mycologia 25: 43-^55. 

Backus, M. 1939. The mechanics of conidial fertilization in Neurospora sitophila. Bull. 
Torrey Club 66: 63-76. 

Dodge, B. O. 1928. Production of fertile hybrids in the aseomyeete Neurospora. Jour. 
Agr. Res. 36: 1-14. 

-- 1930. Breeding albinistic strains of the Monilia bread mold. Mycologia 

22: 9-38. 

-. 1932. The non-sexual and the sexual functions of maoroconidia of Neuro - 

f>pora. Bull. Torrey Club 59: 347-360. 

Dodge, B. O., Schmitt, Mary B. A Appel, Anita. 1945. Inheritance of factors involved in 
one tjrpe of herterocaryotic vigor. Proc. Am. Phil. Soc. 89: 575-589. 

Dodge, B. O. A Swift, M. 1933. A simple way to demonstrate sexual reproduction in the 
bakery mold Neurospora. Torreya 33: 31-37, 

Undegren, C. C. 1934. The genetics of Neurospora. V. Self-sterile bisexual heterocaryons. 
Jour. Genet. 28: 425-435. 

Sansome, Eva Richardson. 1946. Hoterocaryosis, the mating-type factors and sexual re¬ 
production in Neurospora. Bull. Torrey Club 73: 397-409. 

Shear, 0. L. A Dodge, B. O. 1927. Life histories and lieterothallism of the red bread molds 
of the Momha aitophila group. Jour. Agr. Res. 34: 1019-1042. 

Zickler, H. 1934. Genetische Untersuchungen an einem lieterothnllischen Askomyzeten 
(Bomhardia hinata nov. spec.). Planta 22: 573-613. 



BULLETIN OP THE TOBEET BOTANICAL CL UB 


VoL. 73, No. 5, pp. 417-418 


September, 1946 


SPORANGIAL PROPAGATION OF BLUE MOLD FUNGUS ON 
ASEPTICALLY GROWN TOBACCO SEEDLINGS 

/ 

Robert A. Steinberg 

Peronospora tabacina Adam, which is the cause of the blue mold disease 
of tobacco, can be propagated only on its host. Its freedom from extraneous 
microorganisms cannot, therefore, be brought about by standard culture 
methods. The desirability of pure culture is apparent for nutrition studies 
with the fungus, and perhaps for checking symptoms obtained with this 
disease in nature. 

It has been found possible to grow the fungus on one-month-old tobacco 
seedlings propagated aseptically in 200-cc. Erlenmyer flasks on 50 cc. of a 
mineral agar. The seedlings were grown at room temperature under 500 foot 
candles of intermittent or continuous light provided by 3500° white fluores¬ 
cent lamps. Details of the procedure will appear elsewhere. 1 Seedlings of 
Maryland medium broadleaf and Xanthi Turkish proved satisfactory. In¬ 
oculation of seedlings was on the low’er leaf surfaces. A straight sharpened 
needle was used to pick up a bit of filter paper pulp from sterile suspension, 
rubbed over a leaf covered with spores and placed on a healthy leaf. Almost 
invariably infection took place if the leaf tissue was injured and the mix¬ 
ture of spores and pulp applied at this point. 

The flasks were then kept in the bottom of a lighted refrigerator 2 in a 
glass moist chamber at 45-50° P for 7 days. They were then removed from 
the moist chamber and placed in the top of the same refrigerator where the 
temperature w*as about 72° F. Spores began to appear on the upper surfaces 
of the inoculated leaves on the seventh day and increased in profusion up 
to the twelfth day. Viable spores were still present after infected plants 
were held in the lighted refrigerator for a total of 3 weeks and stored in the 
dark at 41° P for 2 additional weeks. Excellent propagation of the fungus 
was also possible at a uniform temperature of 59° F, obtained by a 25-w r att 
tungsten lamp in a refrigerator of 5 cubic feet capacity. 

The fungus w ? as maintained in this manner for over a year, a total of 
27 successive transfers. All contaminating microorganisms had disappeared 
by the third transfer. The symptoms of infection were similar to those in 
nature, except for greater profusion of spores on upper instead of lower leaf 

i Steinberg, Bobert A. Growth responses to organic compounds by tobacco seedlings 
in aseptic culture. Jour. Agr. Bes. 

* Wolf, Frederick A. & McLean, Buth A. Sporangia! proliferation in Peronospora 
tabacina. Phytopathology SO; 264-268. 1940. 
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surfaces. Other leaves of the plant than those inoculated often became in¬ 
fected. Blackening at the base of leaf midribs and of stems indicated the 
path of the fungus was, in some cases, through these tissues. Roots of infected 
plants remained apparently healthy. 

Good sporulation was obtained on leaves detached immediately before 
inoculation, the bases of which had been plunged into the agar. Turgid seed¬ 
lings growing on agar that had almost dried completely also permitted pro¬ 
fuse sporulation of the fungus. 

Light appeared necessary for sporulation, since no spores were formed 
if the flasks were wrapped in black paper during the latter 2 weeks of the 
3-week period. Absence of light during the fungal vegetative period (first 
week after infection) retarded sporulation partially or completely, depend¬ 
ing probably on the completeness with which light was excluded. Those seed¬ 
lings in which sporulation was thus suppressed remained health}' subse¬ 
quently. Growth of the seedlings after infection in a stream of C0 2 -free 
air appeared to be without influence on development of the fungus. Growth 
of the fungus, therefore, would seem independent of the immediate products 
of photosynthesis. The fungus could not, however, be propagated sporangially 
on seedlings killed by vapors of carbon tetrachloride, ammonia, or alcohol. 

Attempts to cultivate P. tabacina on media proved uniformly unsuccess¬ 
ful with many standard and experimental formulae. Materials aiding germi¬ 
nation of spores always proved ineffective for growth in media. Germ tubes 
10 or more times the spore diameter wgre often formed before growth 
stopped. The absence of all growth in these tests also served as a demonstra¬ 
tion of the absence of contaminating microorganisms. Included in the dif¬ 
ferent media tested were sap of the tobacco plant and various enzymes—all 
of which had been rendered aseptic through filtration. 

Agricultural Research Administration, United States 
Department of Agriculture, Bureau of Plant Industry, 

Soils & Agricultural Engineering, 

Beltsville, Maryland 



BULLETIN OF THE TOBBEY BOTANICAL CLUB 


VOL. 73, No. 5, pp. 419-437 


September, 1946 


STRUCTURE AND REPRODUCTION OF TRICHOGLOEA 
REQUIENII, WITH A COMPARISON OF THE 
GENERA OF HELMINTHOCLADIACEAE* 

George F. Papenfuss 

In spite of the fact that the Nemalionales are better known than any 
other order of the red algae as regards the developmental morphology of the 
genera, there are still, as in all large groups of organisms, a number of gaps 
to be filled before the outline of the picture is complete. Among the genera 
requiring study is the tropical genus Trichogloea. It belongs to the family 
Helrainthocladiaceae, which includes among others the classical Nemotion as 
well as such familiar names as Helminthocladia, Helminthora, and Liagora. 
The material for the present study was collected in Hawaii during the years 
1941 and 1942. 

Butters (1903) has given a good account of the structure of the thallus 
and has described and illustrated certain stages in the development of the 
reproductive organs of one species. Nonetheless, the steps that lead up to 
the formation of the mature gonimoblast are not well enough understood to 
allow a detailed comparison with related genera. 

As in Liagora , the thallus is lime-incrusted and the genus may at times 
be mistaken for the latter. This resemblance is purely superficial, however, 
for by the position and form of the carpogonial branch and by the develop¬ 
ment of the gonimoblast and associated structures, Trichogloea shows itself 
to be more closely related to Nemalion than to any of the other genera of the 
Helminthocladiaceae which have been investigated. Before taking up the 
structure and reproduction, it may be well to give a brief summary of the 
history and geographical distribution of the genus and to discuss the reasons 
for identifying the plants studied with T. Requienii (Mont.) Kiitz. 

The genus Trichogloea was established by Kiitzing in 1847 upon a plant 
from the Red Sea which Montague (1843) had described a few years earlier 
as Ratrachospermvm Requienii . Since that time, two additional species have 
become known: T. lubrica J. Agardh (1876) and T. subnuda Howe (1934). 
For a complete record of the early literature on the genus, reference should 
be made to the “Sylloge Algerian” of De Toni (1897). 

After the description by Montague, T. Requienii was reported from the 
Red Sea for a second time by Zanardini (1858), who also gave the first good 
illustration of the habit of this alga. Later, the species was recorded from 

* The publication of the illustrations has been assisted by .the Lucien M. Underwood 
Memorial Fund. 
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Madagascar (Pilger 1908), Mauritius (B^rgesen 1942), Ceylon and the 
Malayan Archipelago (Weber-van Bosse 1921); and to judge from the 
descriptions and illustrations of Okamura (1923, 1930, 1936), it seems very 
likely that the plants from Japan which he has referred to T. lubrica are also 
representative of T. Requie nii. The species is here reported for the first time 
from Hawaii. 

Trichogloea lubrica was described by J. Agardh in 1876 from a specimen 
of the plant which Harvey had distributed as no. 46 of his “Friendly Islands 
Algae" under the manuscript name IAagora lubrica. Subsequently the spe¬ 
cies was reported from various places other than the Tonga Islands. None of 
these records, however, seems to be based upon true T. lubrica. The reports 
from Mauritius by Jadin (1934) and others have been shown by B0rgesen 
(1942) to apply to T. Requienii, those from Hawaii by Tilden (1901b) and 
Butters (1903) have been found by Howe (1934) to be based upon T. sub- 
nuda, and in the paragraph above the opinion is expressed that the reports 
from Japan apply to T. Requienii. The only other records of T. lubrica are 
those from Guadeloupe (cf. De Toni 1897) and Barbados (Vickers 1905) in 
the West Indies. These reports are probably based upon an undescribed 
species, which may be identical with the plant from Bermuda (Collins and 
Hervey 1917; Howe 1918) which passes under the manuscript name of T. 
Herveyi Setchell. 

The third species of Trichogloea, T. subnuda, was described by Howe 
(1934) from material from Hawaii. In the same paper, he also pointed out 
that the Hawaiian specimens which Tilden (1901a) had distributed as 
Nemalion ramulosum Harv. under no. 419 of her “American Algae, Century 
V” actually were T. subnuda. This material was also published by Tilden 
(1901b) under the name T. lubrica and part of it formed the subject of a 
paper by Butters (1903) entitled “Observations on Trichogloea lubrica.” 
Thus far T. subnuda is known from only two localities on the island of 
Oahu: Kahuku Point, where it was obtained among the driftweed by Miss 
Tilden in June, 1900; and lyaneone Bay, where it was secured by Galtsoff in 
July, 1930. Both these stations are situated on the northeastern side of the 
island. Most of the writer’s specimens of T. Requienii were collected along 
the southern shores of Oahu. 

As will be seen from the photographic reproductions which Howe (1934) 
has given either of the type or of authentic specimens of the three validly 
published species of Trichogloea, T. lubrica is a much more robust plant 
than either T. Requienii or T. subnuda. The plump habit of T. lubrica is 
also shown by a delicate of the original material of Harvey (Friendly 
Islands Algae, no. 46) which is in Herb. Univ. Calif, (no. 696847) as well as 
by a photograph in this Herbarium of the Tonga Islands specimen of Harvey 
which is in Herb. Sydney Bot. Garden, 
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In habit, the Hawaiian specimens studied by the writer (fig. 1) differ 
very much from T. lubrica. The plants are identified with T. Bequienii 
rather than T. subnuda, which, as has been said, was described from Hawaii 
by Howe, because the cells of the carpogonial branch give rise to com¬ 
paratively well developed sterile or so-called involucral filaments. 

In T. subnuda, these filaments, according to Howe, are of a rudimentary 
nature. In fact, this is the structural feature upon which the specific name is 
based and the one whereby T. subnuda is most readily distinguished from 
both T. Bequienii and T. lubrica. Howe established this from a comparison 
of T. subnuda with authentic material of T. Bequienii and T. lubrica. In the 
two latter species, he found the sterile filaments to show more or less the 
same degree of development. 

The observations of Howe on the nature of the sterile filaments of T. 
subnuda and T. Bequienii have been verified by the writer from examination 
of an example of T. subnuda which Miss Tilden distributed as no. 419 of her 
“American Algae,” and of a fragment of the female type of T. Bequienii, 
which was obtained from Museum Hist. Nat. Paris by the late Professor 
Setchell. 

In their irregular manner of branching the writer’s Hawaiian plants 
also show greater agreement with T. Bequienii than with T. subnuda. In the 
latter, the branches are more or less dichotomous in arrangement (cf. Howe 
1934, fig. 1). 

In Hawaii, T. Bequienii is a spring and summer annual. The earliest 
record of the season was obtained from specimens which were collected at 
"Waikiki on February 24,1941, and the latest record was furnished by plants 
which were secured on August 23, 1941, on the shore below Diamond Head. 
The plants obtained on February 24 were up to 7 cm. high and already 
fertile; and those collected on August 23 still contained reproductive organs. 

The material used in this study was fixed in a slightly modified solution 
of Karpechenko. 1 This fixative the writer has found very useful for marine 
algae. In Addition to being a good fixing agent, Karpechenko’s solution has 
the merit of leaving no apparent deleterious effects even when material of 
most algae is allowed to remain in it for several days. The advantages of this 
to one who wishes to fix material while on a few days’ collecting trip, with 
little or no time, nor facilities for washing and dehydrating, are obvious. 
Owifig to its comparatively high acid content, Karpechenko’s fluid also has 
the utility of completely decalcifying such lime-inerusted algae as Liagora, 
Galaxaura, and Trichogloea. 

Selected parts 9 f the plants were stained in 1 per cent anilin blue ac- 

t Thu solution was made up as follows: Part A—chromic acid 1 gm., glacial acetic 
acid 8 «&., sea-water 65 ce. Part B—commercial formalin 40 cc., sea water 35 cc. Parts A 
and B are kept separately and equal amounts are mixed as required. 
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cording to the usual procedure with this dye. The small pieces were next 
treated with 1 per cent hydrochloric acid for about fifteen minutes, washed, 
run up to about 70 per cent glycerine, mounted in pure glycerine, and 
•crushed by applying pressure to the cover-glass. With a little practice the 
suitable degree of dissociation of the tissues is easily obtained. The facility 
with which the tissues will separate depends largely upon the consistency of 
the thallus and the length of treatment with hydrochloric acid. 

Structure of the Thallus. The habit of Trichogloea Requienii is indi¬ 
cated in figure 1. Structurally the thallus agrees with that of T. subnuda, the 
anatomy of which has been described and illustrated by Butters (1903) 
under the name T. lubrica. A brief account will consequently suffice here. 

As in Nemalion and other Helminthoeladiaceae, the thallus is composed 
of a central tissue of intertwined, branched, colorless filaments, from which 
issue numerous radiating, branched, assimilative filaments (fig. 2). The basal 
cells of the assimilatory branches send out from their proximal ends de¬ 
scending, but at times also ascending, filaments which contribute to the 
multiaxial core (fig. 2). In addition, the primary and later orders of as¬ 
similatory filaments also give rise to higher orders of similar filaments. All 
radially directed filaments usually remain simple, however, for a distance 
of eight or more cells inward from the periphery of the thallus (fig. 2). 
When mature, these unbranched portions of the assimilative filaments are 
composed of cells which are moniliform near the surface but become progres¬ 
sively longer and narrower toward the center of the thallus (fig. 2). In young 
assimilatory filaments (figs. 3, 4), the bead-like form* of the cells is less 
striking. Mature assimilative cells contain a large, parietal, lobed chroma- 
tophore and a centrally located pyrenoid. 

Hairs are of common occurrence in T . Requienii . They are initiated as 
papilloid outgrowths and usually issue from the terminal cell, but at times 
also from the penultimate cell, of the assimilative filaments (fig. 5). The 
primordium is separated from the mother-cell at an early stage by a 
transverse wall (figs. 6, 7), and then grows out into a long, unicellular hair 
(fig. 17, to the left). Full-growm hairs may attain a length of 0.9 mm. and 
possibly more, and are of a hyaline appearance, except at the extreme tip, 
where the cytoplasm is dense. At any one time, a cell bears but one hair. 
The hairs are ephemeral and may be more or less completely lacking in old 
plants or older parts. In vigorously growing parts, a cast-off hair is usually, 
or at least frequently, replaced by a new one (fig. 7). Several crops of hairs 
may thus be produced by a cell. Not infrequently a new* hair may be in the 
course of formation while the old one is still intact (fig. 17, to the left). 
Often the new hair is initiated at the place of attachment of the preceding 
one and can be seen projecting into its empty base. An old hair is shed as 
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Figs. 2-16. Trichogloea Jtequienii. Fig. 2. Part of dissociated thallus showing a few 
of the longitudinal axial filaments (at the lower end) and two of the radiating, assimilative 
filaments, x 300. Figs. 3, 4. Young assimilative filaments, x 600. Figs. 5-7. Early stages 
in the formation of hairs from the terminal cells of assimilative filaments, figure 7 also 
showing the pmpty base of a shed hair, x 600. Fig. 8. Distal end of an assimilative 
filament and the basal part of an old hair, which Bbows an early stage in the formation 
of th§ constriction which brings about the abscission of hairs, x 600. Figs. 9-13. Stages 
in thd development of antheridia, figures 9-12 being optical median longitudinal sections 
of the terminal ends of assimilative filaments and figure 13 an optical transverse section of 
an assimilative cell, x 775. Figure 9 shows cells which are in an early stage of cutting off 
antheridial mother cells, one of which has formed an antheridium. Figures 10-13 repre* 
sent older stages, mature antheridia being shown in figures 11-13. Figs. 14-16. Early 
stages in the development of earpogonial branch, x 600. In figure 14 the young carpo- 
gonium still contains a chromatophore, figure 15 shows a stage at which the ehromatophocc 
has broken dowp, and in figure 16 the trichogyne is just being formed. 
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the result of a constriction which develops immediately above its place of 
insertion (fig. 8). For a summary of knowledge concerning the hairs of 
Florideae and their probable function in the absorption of nitrates reference 
should be made to the accounts of Rosenvinge (1911) and Kylin (1937, pp. 
37-38). 

Development of Antheridia. Although Trichogloea Bequienii is ordi¬ 
narily dioecious, occasional plants are monoecious. T. subnuda on the other 
hand, is monoecious according to both Butters (1903) and Howe (1934). 

The antheridia are formed on the distal cells of the assimilatory filaments 
(figs. 9-12). From one to five successive cells may be concerned in their pro¬ 
duction. Usually the terminal cell remains sterile (figs. 10, 11) but in rare 
instances it also becomes fertile (fig. 12). Not infrequently the subterminal 
cell, as well as the terminal cell, or at times even the one below it, remains 
sterile. In T. subnuda, on the other hand, to judge from the account and 
figures of Butters, the terminal cell of a fertile filament usually forms 
antheridia. 

The first step in the production of antheridia is the formation of anthe- 
ridial mother-cells. These arise as proliferations Avhich become separated 
from the vegetative cells (fig. 9). The mother-cells are first formed at the 
distal end of a cell (fig. 9) but soon afterwards also from its basal end. The 
antheridia are initiated as outgrowths that are cut off from the terminal 
ends of the mother-cells (fig. 10-13). Each antheridial mother-cell may at 
any one time contain from two to four antheridia, three being the usual 
number. 

The mature spermatium is set free in the usual floridean fashion by 
escaping through a split which is formed at the tip of the antheridium. As 
the spermatia are liberated, new antheridia are formed by the mother-cells 
and frequently they are situated within the empty cases of former 
antheridia. 

Development of Carpogonial Branch and Gonimoblast. Carpogonial 
branches'are formed in abundance in the younger, terminal parts of the 
thallus. In smaller numbers, they oecur also in older parts. 

In Trichogloea the carpogonial branch is a modified assimilative filament. 
This is the case in Nemotion also (cf. Kylin 1930, p. 8; 1937, p. 197) but is 
in contrast to that in the other genera of Helminthocladiaceae. In these the 
carpogonial branch is formed as an accessory branch by a cell of the radial 
filaments of the thallus, and is a specialized organ from the time of its 
inception. 

According to Cleland (1919), the carpogonial branch of Nemalion can 
be recognized even in the one-celled stage. This, however, is not the case in 
Trichogloea. Here the future carpogonial branch is morphologically indis- 
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oe. 17-23. Triehogloea EequieniL Fig. 17. Almost mature carpogonial branch (to 
the right) and its supporting assimilative filament, whose terminal cell bears a mature hair 
and is in course of initiating a new hair, x 315. Fig, 18. Mature carpogonial branch with 
the cytoplasm of the hypogynous cell somewhat denser than that of the cells proximal to it 
and two of the cells bearing young sterile filaments, x 750. Fig, 19. Carpogonial branch 
shortly after fertilization of earpogonium. x 750. The cytoplasm of the carpogonium is 
separating from that of the trichogyne, the chromatophore of the hypogynous cell is 
breaking down and the cytoplasm has become dense, and sterile filaments are in an active 
state of formation and growth. The chromatophores of the cells of the carpogonial branch 
prokimal to the hypogynous cell and of the cells of the sterile filaments are not indicated. 
Ejg& 20-23. Early stages in the development of the gonimoblast. x 750. Fig. 20. Carpo* 
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tinguishable from a young assimilative filament. Staining also fails to bring 
out differences. The carpogonial branch first becomes recognizable at the 
time that the carpogonium is being differentiated. In such stages the terminal 
cell, or young carpogonium, of a fertile filament (fig. 14) is frequently a 
little larger than the apical cell of a young assimilative filament of com¬ 
parable age (fig. 3). At this time, the young carpogonium still contains a 
ehromatophore. Somewhat later (fig. 15), the carpogonium undergoes fur¬ 
ther enlargement, its ehromatophore starts to break down and its cytoplasm 
begins to assume a homogeneous, dense, darkly-staining quality. Conse¬ 
quently such stages may easily be distinguished from young vegetative 
filaments. 

Figure 16 shows the trichogyne of the carpogonium in an early stage. 
It will be seen that this carpogonial branch, like those shown in figures 15, 
17, and 18, is composed of eight cells. The number of cells varies between 
five and ten; usually it is seven or eight. When fully developed, the tricho¬ 
gyne is about three times as long as the remainder of the carpogonial branch 
and projects well beyond the surface of the thallus (fig. 17). The cytoplasm 
of the trichogyne is homogeneous and faint except at the extreme tip, where 
it is fairly dense (fig. 17). 

Before fertilization, the cells of the mature carpogonial branch proximal 
to the hypogynous cell begin to initiate sterile filaments (fig. 18). Additional 
sterile filaments are formed after fertilization has occurred, as will be 
discussed later. 

At the stage indicated in figure 18, the cytoplasm of the hypogynous cell 
also begins to assume a dense, darkly-staining quality. Such a change has 
also been reported by Butters as occurring in this cell of the mature 
carpogonial branch of T . snhnuda. 

Noticeable signs that fertilization has taken place are the separation of 
the cytoplasm of the carpogonium from that of the trichogyne, a withering 
of the trichogyne, a breaking down of the ehromatophore of the hypogynous 
cell and a further increase in density of its cytoplasm, and an accelerated 
production of sterile filaments (fig. 19). 


gonial branch whose fertilized carpogonium has become divided transversely into a small 
stalk cell and a larger (distal) primary gonimoblast cell. The ehromatophore of the cell 
below the hypogynous cell has degenerated. Those of the other cells of the carpogonial 
branch and of the cells of the sterile filaments are not indicated. Fig, 21. Part of a 
carpogonial branch, showing the first division of the primary gonimoblast ceU. The 
chromatophores of the cells of the sterile filaments and of the cells of the carpogonial 
branch proximal to the cell below the hypogynous cell are not indicated. Fig. 22. A young 
gonimoblast and part of the carpogonial branch and its sterile filaments* The unstippled 
cells contained chromatophores while those of the other cells had broken down and the 
cytoplasm had taken on a dense, homogeneous appearance. Fig. 23. Optical longitudinal 
section of a carpogonial branch and a gonimoblast which is slightly farther advanced than 
the one shown in figure 22. The five lower cells of the carpogonial branch and the cells of 
the sterile filaments issuing from some of them still contained chromatophores. 
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The gonimoblast-producing function of the fecundated carpogonium 
next becomes evident. In T. Requienii the gonimoblast is initiated by a 
transverse division of the carpogonium. The gonimoblast develops from the 
distal of the two cells so formed. This primary gonimoblast cell is always 
larger than the lower so-called stalk cell (fig ..20). 

The stalk cell undergoes no further division, while the primary-gonimo¬ 
blast cell by division gives rise to the gonimoblast. The first division is 
always by a wall which is oblique with reference to the preceding cleavage 
plane (fig. 21). According to Butters, the first division of the primary 
gonimoblast cell of T. subnuda is by a tranvserse wall. His figures illus¬ 
trating this are not entirely convincing but if this is so, we have another 
feature whereby T. subnuda could be distinguished from T. Requienii. 

The further development of the gonimoblast is illustrated in figures 
22-26. It will be seen that the derivatives of the primary gonimoblast cell 
form a globular aggregation of cells (figs. 22, 23), which serve as the start¬ 
ing points of radiating, branched gonimoblast filaments (fig. 24). The 
terminal cells of these are transformed into Carposporangia (figs. 25, 26). 

Concurrently with the growth and development of the gonimoblast, a 
number of striking changes take place in the cells of the carpogonial branch 
and of the sterile filaments. 

Starting at the distal end, there is a progressive degeneration of the 
ehromatophore of the cells of the carpogonial branch and an increase in 
density of their cytoplasmic content. As has been pointed out, one of the 
early signs that fertilization has occurred is the breaking down of the 
ehromatophore of the hypogynous cell and an accompanying increase in 
density of its cytoplasm (fig. 19). In the stages shown in figures 20 and 21, 
this secondary effect of fertilization had advanced to the cell below the 
hypogynous cell. In those depicted in figures 22 and 23, it had progressed 
to the second cell and in that shown in figure 24 to the third cell proximal 
to the hypogynous cell. Ultimately, when the gonimoblast approaches ma¬ 
turity, this change is observed to have taken place in all the cells of the 
carpogonial branch; and at times even the supporting cell will have been 
affected (fig. 26). 

During the. later phases of maturation of the gonimoblast, the cells of 
the' carpogonial branch undergo another conspicuous change. There is first 
a gradual widening of the pit-connections between them. This change, like 
the one described above, takes place in a progressive sequence, starting at 
the basal-cell of the gonimoblast and extending downward to the lowermost 
<sell of the carpogonial branch. Thus, in advanced stages, it is found that 
the originally narrow pit-connections have become wide canals (fig. 25). 
.In such stages, it is still possible to recognize the limits of the individual 
cells. But later, when the gonimoblast is full-grown, a complete coalescence 
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of the cells will result in the establishment of a large fusion or placental cell 
{fig. 26). In addition to the eells of the carpogonial branch, this cell in¬ 
corporates the stalk cell, the basal cells of the gonimoblast and a few of the 
cells of the sterile filaments. At times the lowermost cell or two of the 



Figs. 24-26. Triehogloea Bcquirnii. Fig. 24. Optical longitudinal sectWn of a 
carpogonial branch and a young gonimoblast. x 750. In the solidly stippled cells the 
chroma tophore had degenerated. Fio. 25. Almost mature gonimoblast with earposporangia 
in an early stage of formation, x 750. Fig. 26. Mature gonimoblast and its placental cell, 
x 360. hyp. c., hypogynous cell. 

carpogonial branch do not participate in the formation of the placental cell. 

It is of interest that a similar fusion-cell is neither mentioned nor il¬ 
lustrated by Butters as occurring in T. subnuda, and to judge from his 
figure 16, which is of a mature gonimoblast, it seems reasonably safe to 
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conclude that actually a placental cell is not formed in this species. If this 
is so, the absence of a fusion-cell in T. subnuda would not only be an addi¬ 
tional but a very clear-cut feature distinguishing it from 3P. Requienii "The 
likelihood of this difference receives indirect support from the fact that 
exactly such a distinction obtains between species of the related Helmintho - 
cladia . Here a fusion-cell is formed in H. Papenfussii (Martin 1939) but 
not in H. calvadosii* (Kylin 1930). 

Finally, with respect to the post-fertiljzation changes, it is necessary to 
consider the growth, function and ultimate fate of the sterile filaments. 

It was mentioned earlier that, previous to fertilization, the cells of the 
mature carpogonial branch proximal to the bypogynous cell begin to 
initiate sterile filaments (fig. 18) 3 and that additional ones are formed after 
fertilization (fig. 19). During the earlier phases of development of the 
gonimoblast, these filaments through growth and branching give rise to a 
loose aggregation of cells about the carpogonial branch (figs. 20-24). 4 At 
first the cells are provided with a ehromatophbre, but in correlation with 
the growth of the gonimoblast there occur a disintegration of the chro- 
matophores and an increase in density of the cytoplasm (figs. 22-24). It will 
be recalled that similar changes take place in the cells of the carpogonial 
branch during these phases of development. 

According to Butters, sterile filaments are not formed in 3T. subnuda pre¬ 
vious to fertilization. However, this point requires substantiation inasmuch 
as he (Butters 1903, p. 18) states that “No entirely mature and unfecun- 
dated procarps were seen.” In Nemalion multiIfiditm (Kylin 1916, p. 265) 
the sterile filaments begin to appear, as in T. Requienii , before fertilization 
has been effected. With respect to the position of these filaments, it may be 
noted that Nemalion and Trichoyloea are the only genera of Helmintho- 
cladiaceae in which they asise from the cells of the carpogonial branch. In 
other genera they either spring from cells in the immediate vicinity of the 
carpogonial branch or are entirely lacking. Their identical position in 

2 The specific epithet of Hetmintyocladia calvadosii (Lamour.) Setcbell is customarily 
written with a capital “C.” This is not necessary, because the name bringing synonym 
Dumontia calvadosii Lamouroux (in Duby 1830, p. 941) commemorates the French de¬ 
partment of Calvados. The species was first mentioned as a nomen nvdum by Lamouroux 
in volume 5 (1824) of “Diet. Class. Hist. Nat. M (Not “Diet. Hist. Nat.,“ as sometimes 
cited.), 

* Pilger (1908, fig. 1) illustrates a carpogonial branch of T, Bequienii in which the 
hypogynous cell bears a sterile filament. Since his figures are rather diagrammatic, one 
may question the accuracy of this delineation. In T. subnuda they are not formed by the 
hypogynous cell (Butters 1903). 

*8shmitz (1896, fig. 203c) has illustrated the sterile filaments of T. Bequienii as 
extending well beyond the gonimoblast. However, his figure is so reminiscent of the 
condition in Selminthora divaricata, as illustrated by Thuret and Bomet (1878, pi. 32, 
figs. 10), that it probably is representative of this species. Neither Pilger (1908) nor 
B^rgesen (1942) found the filaments to extend beyond the base of the gonimoblast. 
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Nemalion and Trichogloea is further evidence in favor of the belief that 
these two genera are more closely related to each other than to other genera 
of Helminthocladiaceae. 

The sterile filafnents of Helminthocladiaceae have usually been regarded 
as performing a kind of protective role and have frequently been designated 
as involueral filaments. Although this may conceivably be their function in 
certain species of Helminthocladia and Liagora such is not the case in 
Trichogloea. Here, as in Nemalion and certain other Nemalionales (cf. 
Kylin 1937), the sterile filaments constitute a nurse tissue which supplies 
the gonimoblast with nutrient materials. This is particularly clear from a 
study of advanced stages of the gonimoblast. In such stages (fig. 26) it is 
observed that the originally narrow pit-connections of the sterile cells have 
become wide canals, the cells have lost their dense content, and the walls 
have undergone gelatinization. Old stages give the impression, moreover, 
of having suffered a loss of sterile cells (compare figs. 24 and 26), which sug¬ 
gests a possible disintegration of some of the cells after the complete ab¬ 
sorption of their content by the placental cell and gonimoblast. 

As has been mentioned, a few of the lowermost sterile cells become in¬ 
corporated in the placental cell. If the carpogonium is not fertilized, the 
sterile filaments of T. Reqniemi develop into ordinary assimilative filaments. 

Monosporangia, such as has been described by Svedelius (1917) for 
Helminthora divaricata and by Abbott (1945) for Liagora farinosa were not 
observed. 

Comparison of the Genera of Helminthocladiaceae. In the foregoing 
pages comparison was repeatedly made between Trichogloea and its 
closest ally, N<malion. Attention was also drawn to certain points of agree¬ 
ment with or departure from other related genera. It now seems desirable 
to make a somewhat comprehensive comparison of all genera of Helmintho¬ 
cladiaceae which have been investigated. 

In addition to Trichogloea and Nnnalion, this family, as now delimited, 
includes the following eight genera : Hehninthocladia , Helminthora , Liagora , 
Dcrmoncma, Cumagloia , Ardissonea, Endosira , and Dorclla. The last five 
are monotypic. 5 

Detailed developmental studies have been made of representatives of 
seven of the genera. Nothing or at best very little is known concerning the 
development of Ardissonea, Endosira, and Dorclla* and they consequently 
have to be left out of the following discussion. 

5 The genus Dermonema used to be credited with two species, V. dichotomvm and D. 
gracile , but Weber-van Bosse (1921) has shown that these binomials apply to the same 
plant, whose name should be D . gracile (Mert.) Schm. However, it was recently established 
by B0rgesen (1942) that the correct name was D. Frappicri (Mont. & Millard) B0rg. 

*Vorella was describod by Weber-van Bosse (1921) from a plant from tbe East 
Indios, which she distinguished from Helminthocladia by its lack of sterije filaments about 
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In agreement with the majority of Nemalionales, the family Helmintho- 
eladiaeeae is composed of forms that are haplobiontie. Although differing 
in detail the genera of this family also show close anatomical correspondence. 
In all of them the thallus is multiaxial and the assimilative tissue is in the 
form of radially disposed, branched filaments which issue from the central 
strands. In Liagora and Trichogloea the thallus is lime-incrusted. 

As to the male reproductive organs, there are differences in the position 
and arrangement of the antheridia and their mother-cells on the assimilative 
filaments, but here again a good deal of agreement obtains among the 
genera. 

Significant differences exist, however, with respect to the position and 
nature of the carpogonial branch and the development of the gonimoblast 
and associated structures. 

As has been pointed out, the carpogonial branches of Nemalion and 
Trichogloea are modified assimilative filaments. In the other genera, with 
the possible exception of certain species of Liagora, they are formed as spe¬ 
cialized, accessory filaments by cells of the assimilative tissue. (In Der- 
monema they occur on the inner, colorless cells of the assimilative tissue 
system; Svedelius 1939.) To judge from the illustrations of Yamada (1938, 
pp. 30-34) it seems likely that in the section Mucosae of Liagora the carpo¬ 
gonial branch is a modified assimilative filament. 

With respect to the early development of the gonimoblast, it is to be 
noted that this structure develops from tfye distal of the two cells formed in 
consequence of the first division of the fertilized carpogonium in Tri- 
ckogloea, Nemalion (Kylin 1916), Helminthora (Thuret and Bornet 1878; 
Kurssanow 1909; Kylin 1928) and Liagora (Kylin 1930), while in Helmin- 
thocladia (Kylin 1930; Martin 1939) both the first-formed cells participate 
in the production of the gonimoblast. In Dermonema (Svedelius 1939) and 
Cumagloia (Gardner 1917; Kylin 1928; Smith 1938) gonimoblast filaments 
issue directly from the sides of the carpogonium. No transverse division of 
the carpogonium occurs hare. (In Dermonema the fertilized carpogonium 
first establishes a connection with the supporting cell.) The mature gonimo¬ 
blast is a comparatively compact, globose aggregation of cells arranged in 
filaments in all genera excepting Dermonema and Cumagloia, in which it is 
a diffuse, filamentous structure. 

The formation or non-formation of a placental cell is an unstable feature 
which in certain instances even varies in species of the same genus. Thus 
a fusion-eell is formed in Trichogloea Bequienii (fig. 26) but apparently not 

the gonimoblast, its small stature, and its unbranehed thallus. Inasmuch as Kylin (1030) 
has shown that one of the European species of Helminthoeladia lacks sterile filaments and 
since site and the absence or presence of branching are characters of questionable generic 
value, it becomes doubtful if Dorella should be retained. 
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in T . subnuda (Butters 1903, fig. 16), In Helminthocladia Papenfussii , 
Martin (1939, figs, 20, 21) observed a well-developed placental cell while 
such a cell, according to Kylin (1930), is not formed in H. calvadosii. Al¬ 
though a placental cell is formed in Nemalion multifidum (Kylin 1916) this, 
to judge from the figures of B0rgesen (1915-1916), is not the case in all 
species of this genus. In Liagora viscida , Kylin (1930) observed the forma¬ 
tion of a fusion-cell, but the figures of B0rgesen (1915-1916) and Yamada 
(1938) suggest that such a cell is not formed in certain other species of 
Liagora. Only one species of Helminthora , H. divaricata , has been thoroughly 
studied and in it a placental cell is not formed (Kylin 1928). According to 
Smith (1938), a partial coalescence of the cells of the carpogonial branch 
occurs in Cumagloia and from the work of Svedelius (1939) it may be con¬ 
cluded that this is the case in Dermonema also. 

In regard to the presence or absence of sterile filaments about the carpo¬ 
gonial branch or gonimoblast, there again is a good deal of variation among 
the genera and in some instances even among species of the same genus. 
In Trichogloea sterile filaments are present. They arise from the carpogonial 
branch and begin to be formed at least in T. Requienii before fertilization 
has taken place. The same is true of Nemalion (Kylin 1916). In these genera, 
the filaments have no protective value but function as a nurse tissue to the 
gonimoblast. In Helminthora sterile filaments are also formed. They are 
initiated after fertilization has occurred, and spring not from the cells of 
the carpogonial branch but from the two vegetative cells immediately above 
the supporting cell (Kylin 1928). According to Fritsch (1945, p. 614) the 
filaments arise from the second and third cells of the carpogonial branch. 
This, however, is a misinterpretation of the statement and figures of Kylin. 
The sterile filaments of Helminthora perform a protective as well as a 
nutritive function (Kylin, op. cit.). 

In Helminthocladia sterile filaments of a protective kind are present in 
the South African H . Papenfussii (Martin 1939). They are formed after 
fertilization has taken place and arise from the vegetative cell immediately 
above the supporting cell. In the European H. calvadosii , on the other hand, 
sterile filaments are not formed according to Kylin (1930). The observations 
of Kylin are at variance with those of Schmitz (1896) and Rosenvinge 
(1909), who also worked with European material. Schmitz does not specify 
the species upon which his observations were made, but Rosenvinge studied 
H . purpurea , which is regarded as synonymous with H. calvadosii Martin 
(op. cit.) has suggested that Kylin, who studied material from the Atlantic 
coast of France, may have had a species which was different from that 
studied by Schmitz and Rosenvinge. (Rosenvinge’s material came from Den- 

7 Rosenvinge describee the sterile filaments as issuing both from cells of the carpo¬ 
gonial branch and cells of the supporting filament. Their origin from the carpogonial 
branch is in need of substantiation. 
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mark.) This seems very likely, especially since Helminthocladia is repre¬ 
sented in Europe by a seeond species, H. Hudsoni; and according to Hamel 
(1930) these species at times closely resemble each other. 

Sterile filaments do not occur in Liagora viscida (Kylin 1930), but 
filaments of a protective kind are formed from the vegetative cell (or cells ?) 
below the supporting cell in a variety of species of Liagora (cf. B0rgesen 
1915-1916; Yamada 1938). Cumagloia entirely lacks sterile filaments (Kylin 
1928), and they apparently are not formed in Dermonema either (Svedelius 
1939). 

On the basis of its diffuse gonimoblast, Schmitz in 1896 erected for 
Dermonema the subfamily Dermonemeae. If this subfamily is to be retained, 
it is clear from the investigations of Gardner (1917), Kylin (1928), and 
Smith (1938) that Cumagloia also is to be assigned to it. 

Prom his recent study of Dermonema, Svedelius (1939) is inclined 
toward elevation of the Dermonemeae to the status of family. However, as is 
apparent from the preceding comparisons; Dermonema and Cumagloia show 
so many features of correspondence with other Helminthocladiaceae, that 
there seems to be little justification for separation even as to subfamily. 

In these two genera, the gonimoblast is formed by the entire carpogonium 
instead of as in the majority of other genera by the distal of the two cells 
resulting from its first division. However, in Helminthocladia the entire 
carpogonium also operates in the production of the gonimoblast, even though 
in some species it first divides by a transverse wall. 

In Helminthocladia, as in the majority of Helminthocladiaceae, the ma¬ 
ture gonimoblast is a compact mass of cells. In Dermonema and Cumagloia, 
on the other hand, it is a diffuse structure. Inasmuch as the gonimoblast of 
these three genera is initiated in much the same way, that is, from the entire 
carpogonium, it would seem that the diffuse condition in Dermonema and 
Cumagloia as contrasted with the compact state in Helminthocladia is to be 
looked upon as primarily a difference of form. 

The condition in Dermonema and Cumagloia has parallels, moreover, in 
the related family Batrachospermaceae. Here a diffuse gonimoblast occurs 
in Sirodotia (Kylin 1912; Skuja 1931a) and in Nothocladus (Skuja 1934), 
and what is even more significant, in at least one species of Batrachospcr- 
mum, B. orthostichum (Skuja 1931b), a genus which is otherwise character¬ 
ized by a compact gonimoblast. 

The evidence at hand thus seems to favor retention of Dermonema and 
Cumagloia within the family Helminthocladiaceae. 

, SUMMABY 

Although the order Nemalionales is better known than any other order 
of red algae in regard to the development of the gonimoblast, a number of 
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outstanding gaps remain. One of the genera of the family Helmintho- 
cladiaceae of which but little is known is the tropical Trichogloea. 

The material for the study of this genus was secured in Hawaii. The 
reasons for identifying the plants with T. Bequienii are discussed and an 
outline is given of the history of the genus and of the geographical distribu¬ 
tion of its three species. 

As in Liagora, the thallus is lime-incrusted. Structurally it agrees with 
other Helminthocladiaceae. That is, the thallus is composed of a central 
tissue of intertwined, branched, colorless filaments, from which issue radi¬ 
ating, branched, assimilative filaments. Hairs grow out from the terminal 
and rarely the subterainal cells of the assimilative filaments. 

Ordinarily, T. Bequienii is dioecious, but occasional plants are monoe¬ 
cious. 

The antheridia are formed on the distal, subterminal cells of the 
assimilative filaments. 

The majority of carpogonial branches are formed in the younger parts 
of the thallus. As in Nemalion, the carpogonial branch is a modified as¬ 
similative filament. Before fertilization, the cells of the carpogonial branch 
proximal to the hypogynous cell begin to form sterile filaments, the 
chromatophore of the carpogonium degenerates, and its cytoplasm becomes 
homogeneous and dense. 

After fertilization, the carpogonium divides by a transverse wall. The 
proximal of the two cells so formed, the stalk cell, undergoes no further 
division while the distal cell, the primary gonimoblast cell, by division gives 
rise to the gonimoblast. When mature, the gonimoblast consists of a globose, 
comparatively compact, aggregation of cells arranged in filaments. The 
terminal cells of these become transformed into carposporangia. 

During the early phases of development of the gonimoblast, there is an 
accelerated production of sterile filaments by the carpogonial branch. These 
filaments function as a nurse tissue to the gonimoblast. 

Concurrently with the development of' the gonimoblast there also occurs 
a degeneration of the chromatophore of the cells of the carpogonial branch 
and an accompanying increase in density of the cytoplasm. In later stages 
there is a widening of the pit-connections between these cells, which results, 
ultimately, in a complete coalescence of the cells and the establishment of a 
large placental cell. 

Finaly, a comparison is made of the genera of the Helminthocladiaceae 
with particular reference to the position and nature of the carpogonial 
branch and the development of the gonimoblast and associated structures. 
The evidence at hand shows that Trichogloea and Nemalion are more closely 
related to each other than to other genera of this family. The criteria in 
support of the suggested elevation of the subfamily Dermonemeae, which 
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includes Dermonema and Cumagloia, to the rank of family are analysed. It 
is concluded that there is not at present sufficient ground for separation 
even as subfamily. 

Department of Botany, University of California 
Berkeley 

Literature Cited 

Abbott* X. A. 1945. The genus Liagora (Rhodophyceae) in Hawaii. Oee. Pap. Bishop 
Hus. 18(10): 145-169. 

Agardh, J. 0. 1876. Species, genera et ordines algarum 3(1). Lund. 

Bjfrgesen, F, 1915-1916. The marine algae of the Danish West Indies, 3, Rhodopliyceae 
(1-2). Dansk Bot. Arkiv 3: 1-144. 

-. 1942. Some marine algae from Mauritius 3, Rhodophyceae 1. Danske 

Videnskab. Selskab. Biol. Medd. 17(5): 1-64. 

Batten, F. K. 1903. Observations on Tnchogloea lubnca. Minn. Bot. Stud. 3(1): 11-21. 
Cleland, R. B. 1919. The cytology and life-history of Kemahon multifidum Ag. Ann. Bot. 
33: 323-351. 

Collins, F. 8. A Hervey, A. B. 1917. The algae of Bermuda. Proc. Am. Acad. 53: 1-195. 
De Toni, J. B. 1897. Sylloge algarum 4(1). Batavii. 

Duby, J. E. 1830. Botanicon gallicum, ed. 2, 2. Paris. 

Fritsch, F. E. 1945. The structure and reproduction of the algae 2. Cambridge. 

Gardner, N. L. 1917. New Pacific coast marine algae. I. Univ. Calif. Publ. Bot. 6(14): 
377-410. 

Hamel, 0. 1930. Floriddes de France VI. Rev. Alg. 5(1): 61-109. 

Howe, M. A. 1918. Algae. In: Britton, N., Flora of Bermuda. New York. 

-1934. Hawaiian algae collected by 1 >t. Paul C. GaltsoiT. Jour. Wash. Acad. 

Sci. 24: 32-42. 

Jadin, F. 1934. Algues des lies de la Reunion et de Maurice. Ann. Crypt. Exot. 7: 
147-172. 

Knnsanow, L. 1909. Beitrage zur Cytologie der Florideen. Flora 99: 311-336. 

XtitKing, F. T. 1847. Diagnosen und Bemerkungen zu neuen oder kritischen Algen. Bot. 

Zeit. 5: 1-5, 22-25, 33-38, 52-55, 164-167, 177-180, 193-198, 219-223. 

Xylin, H. 1912. Studicn fiber die schwedischen Arten der Gattung Batrachonpermum Roth 
und Sirodotxa nov. gen. Nova Acta Soc. Sci. Upsal. IV. 3(3) : 1-40. 

-. 1916. Cber die Befruchtung und Reduktionsteilung bei Nemahon multi 

fidtm . Ber. Deuts. Bot. Ges. 34: 257-271. 

-. 1928. Entwicklumgsgeachichtliche Florideenstudien. Lunds Univ. Arsskr. 

II. Avd. 2. 24(4): 1-127. 

---—. 1930. ttber die Entwicklungsgeschichte der Florideen. Lunds. TTniv. 

Arsskr. II. Avd. 2. 26(6): 1-104. 

-. 1937. Anatomie der Rhodopbyceen. In: Linsbauer, K., Handbuch der 

Pflanzenanatoraie, Abt. 2. 6(2): Algen (B,g). Berlin. 

Martin, M. T. 1939. Some South African Rhodophyceae. I. Helminthocladia Papenfusm 
Kylin. Jour. Bot. 77: 234-244. 

Montagna, O. 1843. Quatri#me centurie de plantes cellulaires exotiques nouvelles, decodes 
VHI, IX et X. Ann, Sci. Nat. II. 20: 352-379. 

Okamnra, X, 1923. leones of Japanese algae 4(10). Tokyo. 

-1—-. 1930. On the algae from the Island Hatidyo, Records Oceanogr. Works 

Japan 2(2): 92-110. 

. .—- . 1936. Nippon kaiso shi [Descriptions of Japanese algae]. Tokyo. 



1046] 


PAPENFU8S: TEICHOGXiOEA 


487 


Pllger, E. 1908, Ueber Trichogloea Ktitz. In: Voeltzkow, A, Reiee in Ostafrika in den 
Jahren 1903-1905, 3(1): 35-37, Stuttgart, 

Rosenvinge, L. X. 1909. The marine algae of Denmark 1. Danske Vidensk. Selsk. 
Skrifter, Baekke 7, Naturvidensk. Math. Afd, 7(1): 1-151. 

1 ■ " ■ .— " . 1911. Betnarks on the hyaline unicellular hairs of the Florideae. Biol. Arb. 

Tilegn. Eug. Warming, 203-216. K0benhavn. 

Schmitz, P. k Hauptfleisch, P. 1896. Helminthocladiaceae. In: Engler, A. & Prantl, K. 

Die natiirlichen Pflanzenfamilien 1(2). Leipzig. 

Sknja, H. 1931a. Untersuchungen iiber die Bhodophyceen des Siisswassers. T-II, Arch. 
Protistenk. 74! 207-309. 

.... . 1931b. Einiges zur Kenntnis der brasilianischen Batrachospermen. 

Hedwigia 71: 78-87. 

-- 1934 . Untersuchungen iiber die Bhodophyceen des Siisswassers. IV-VJ. 

Beih. Bot. Centralbl. 52(2): 173-192. 

Smith, O. M. 1938. Cryptogamic botany 1. New York and London. 

Svedellus, N. 1917. Die Monosporen bei Belmxnihora dwancata nebst Notiz iiber die 
Zweikernigkeit ihres Karpogons. Ber. Deuts. Bot. Ges. 35: 212-224. 

-. 1939. Anatomisch-entwicklungsgeschichtliche Studien iiber die Florideen 

gattung Dermonerm (Grev.) Harv. Bot. Not. 1939: 21-39. 

Thuret, Gk k Bornet, E. 1878. Etudes phycologiques. Paris. 

Tilden, J. E. 1901a. American algae, Century V. 

--. 1901b. Collection of algae from the Hawaiian Islands. Hawaiian Annual 

1902: 106-113. 

Vickers, A. 1905. Liste des algues marines dc la Barbade. Ann. Sci. Nat. IX. 1: 45-66. 
Weber-van Bosse, A- A- 1921. Liste des alguos du Siboga 2. Rhodophyceae 1. Siboga- 
Expeditie Monogr. 59b. Leiden. 

Yamada, Y. 1938. The species of Lxagora from Japan. Sci. Pap. Inst. Alg. Res. Fac. Sci. 
Hokkaido Imp. ITniv. 2(1): 1-34. 

Zanardini, J. 1858. Plantarum in mari rubro hucusque collectarum enumeratio. Mem. 
1st. Veneto 7: 209-309. 



BULLETIN OF TUB TO BEET BOTANICAL CLUB 
Vol. 73, No. 5, pp. 43B-460 September, 1946 


CYTOGENETICS OF DATURA FASTUOSA L. 

P. N. Bhaduri and A. K. Sharma 

INTRODUCTION 1 

Datura has become classic amongst the eytologists owing to the sustained 
work carried on for years by Blakeslee and his collaborators. They have been 
able to isolate nearly 100 distinct and different races of Datura, now known 
as prime types. These races of Datura have been shown to have originated 
principally through segmental interchange. Of 53 prime types, 5 have beeil 
found occurring in nature, each differing from the others with respect to 
particular interchange. 

In India, Datura stramonium and Datum arborescens occur mainly in 
Sikkim and the surrounding localities. The latter species occurs also in 
Khasi Hills. Another species, Datura fastuosa, 2 closely related to Datura 
stramonium, occurs throughout the plains of India. The two varieties of 
Datura fastuosa, commonly known as the white and black Daturas, are 
common weeds of waste places throughout India. The two, varieties produce 
forms in nature which differ mainly with respect to leaf, stem, and flower 
characters. The two strains are distinguished mainly by the presence or 
absence of anthoevanin pigment in the body of the plant. In the black strain, 
the stem is black, as are also other parts of the body. 

Gates (1942), in his review on the nucleolus and related structures, cited 
the condition in D . stramonium as an exceptional case where, according to 
Satina, Bergner and Blakeslee (1941), a high number of satellites has been 
observed. This observation apparently contradicts the theory of numerical 
correspondence between satellited chromosomes and the number of nucleoli. 
In the light of the above report, a study of the chromosome-nucleolus re¬ 
lationship in the related species D. fastuosa was undertaken. 

As has been mentioned already, a large number of forms of this species 
occur in nature. An examination of these forms is expected to throw some 
light on the cytological basis of such variation, as will also be evident from 
the^statement made by Dr. W. Burns (1944) in his presidential speech on 
“Genetics, taxonomy and ecology” which we quote below: “The common 

1 The authors are indebted to Professor R. E. Gates for continued encouragement and 
for kindly going through the manuscript and to Prof. 8. P. Agharkar, head of the de¬ 
partment of Botany, for giving facilities to complete this investigation. 

' Br. Gates has also made certain minor modifications in the manuscript, and, because 
of tlie time which would be lost by transmission to India, has read the proofs. 

* This is the name commonly used in India for Z>. metel. Bee Bergner 1943. 
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weed of waste places, D. fastuosa, is found in several forms differing in size 
and shape of leaf and flower. I should not wonder if a careful study of this 
species should yield results of a similar nature to those obtained by Blakeslee 
in his classic work on D. stramonium in America.” 

MATERIAL AND METHODS 

The material for the present investigation was obtained from the fol¬ 
lowing: Datura fastuosa (black) and Datura fastuosa, var. alba (white). 
Morphological variations are met with in both varieties, but in this respect 
the latter shows a greater degree of variation than the former. The ir¬ 
regularities are mainly manifested in the shape, size, color, and arrangement 
of the leaves as well as in flower color. The black variety exhibits variation 
only as regard the different shades of blackness on the vegetative organs 
and in floral parts. In some, it is present in higher degree, giving the stem 
a jet black color, while in others the deep purple color is restricted to the 
nodes. Between the two extremes are intermediate types. 

In both the above the fixing of somatic chromosomes in root-tip cells 
presented considerable difficulties. Root-tips collected from established 
seedlings did not prove to be fruitful, as they were very slender and as 
good somatic plates with properly fixed chromosomes could not be obtained 
from them. Fully imbibed mature seeds were first kept in a cold room having 
a constant temperature of 74° F; after 2 days, these were placed again in 
a warm place. This change of temperature was found to give the necessary 
stimulus for breaking the dormancy, and healthy root-tips were then ob¬ 
tained from the germinating seeds. Several fixatives with various proportions 
of the ingredients have proved to be unsatisfactory in this case, showing once 
again why the morphology of the somatic complement could not be made out 
previously. Blakeslee and his collaborators have obtained good results in 
fixing the root-tips of D. stramonium in a fluid containing 5 parts of 1 % 
chromic acid and 4 parts of 10 % formalin, but in the present material this 
fluid has proved to be of little use. Best results were, however, obtained by 
fixing the root-tips between 12 noon and 2 p.m. in a fluid containing 4 parts 
of 1 % chromic acid and 7 parts of 10 % formalin. After the usual paraffin 
embedding of the root-tips, sections were cut 16 p thick. Premordanting 
overnight in Lewitsky’s fluid (1:1) before crystal violet staining gave best 
results. For the study of meiotic chromosomes, Flemming’s medium fluid 
gave best results. The paraffin sections of the flower buds were cut 20-22 p 
thick and a premordanting overnight in 1% chromic acid became neces¬ 
sary before crystal violet staining. Permanent smear preparations were also 
made, for which the material was fixed in Belling’s modification of Nava- 
shin’s solution. For the study of nucleoli in the dyad and tetrad stages 
and in the root-tip cells Feulgen-light-greeu staining was applied. After a 
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series of attempts, fairly good results were obtained by first mordanting 
the preparations overnight in the Belling-Navashin “A” solution before 
proceeding with the Feulgen-light-green staining. The carbonate mordant 
(saturated solution of sodium carbonate in 80% alcohol) was used as dif¬ 
ferentiating solution for the light green stain (see Semmens and Bhaduri 
1939, 1941). 

The figures were drawn at a table magnification of approximately 3600 
times, using a compensating eyepiece No. 18 and a 1.3- apochromatic 
objective. 

DATURA FASTUOSA (BLACK) 

The common black Datura, D. fastuosa, has 24 chromosomes in the root- 
tip cells. The number corresponds with the previous reports made by Belling 
and Blakeslee (1923), Vilmorin and Simonet (1928), Bhacluri (1938), and 
Raghavan and Srinivasan (1942). From a critical observation of a large 
number of well fixed plates, it was found that the chromosomes of this 
species could be classified into eight different types, clearly distinguishable 
from each other by their size differences and the relative positions of primary 
and secondary constrictions. The eight types (figs. 1, 9) are as follows. 

1. A pair of long chromosomes with submedian primary constriction 
(AA). 

2. Three pairs of long chromosomes with median Constriction (BB, 
CC, DD). 

3. A pair of medium-sized chromosomes with nearly subterminal pri¬ 
mary constriction and a big satellite attached at the shorter arm (EE). 

4. A pair of medium-sized chromosomes with almost median primary 
constriction and a satellite attached to one of the arms (FF). 

5. A pair of medium-sized chromosomes with submedian primary con¬ 
striction (GG). 

6. A pair of medium-sized chromosomes with median primary constric¬ 
tion (HH). 

7. A pair of small chromosomes with subterminal primary constriction 
and a satellite attached to the longer arm (II). 

8. Three pairs of small chromosomes with median primary constriction 
(JJ, KK, LL). 

Jn the prophase stage of root-tip cells, six chromosomes were seen 
distinctly attached to the nucleolus (fig. 2). The morphology of these 
chromosomes corresponded with the nucleolar chromosomes found in the 
metaphase plate. Six nucleoli were also seen in the telophase stage of root- 
tip hells, one pair*being big, one pair intermediate, and the other pair small 
inf size (fig. 3). Meiosis in the pollen mother-cells was found to be normal. 
In diplotene and diakinesis, regular chiasma formation and different con¬ 
figurations due to terminalization were evident (fig. 11). The 12 bivalents 
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seen in metaphase disjoined regularly at anaphase (figs. 12,' 13). Daring the 
second meiotic division, irregular separation, leading to the formation of 13 
and 11 chromosomes at the poles, was observed in a small percentage of 
mother-cells. Tetrad formation was of the simultaneous type. 



Figs. 1-4. Datura fastuosa. Pig. 1. Somatic metaphase plate showing 24 chromosomes 
including 6 nucleolar ones. Fig. 2. The 6 nucleolar chromosomes attached to the fused 
nucleolus. Pig. 3. Telophase nucleus showing 3 homomorphic pairs of nucleoli. Pig. 4. 
Dyad nuclei each containing 3 nucleoli. Figs. 3-8. Datura fastuosa var. alba. Fra. 3. 
Somatic metaphase plate showing 24 chromosomes including 8 nueleolar ones. Fig. 6. 
The 8 nucleolar chromosomes attached to the fused nucleolus. Fig. 7. Telophase nucleus 
showing 4 homomorphic paira of nucleoli. Fig. 8. Dyad nuclei each containing 4 nucleoli. 
Figs. 9-10. Idiograms of the two varieties D. fastuosa and D. fastuosa var. alba. 

The dyad nuclei often showed the presence of 3 nucleoli in each, one big, 
one intermediate and the other small in size (fig. 4). It can be stated, there- 
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fore* that the big, the intermediate, and the small form three homologous 
pairs, Amongst these the intermediate and the small nucleoli have been seen 
to remain adpressed on the surface of their respective chromosomes. 

DATURA FASTUOSA VAR. ALBA 

The common white Datura has the same chromosome number as the 
black one. Here the 12 pairs of chromosomes could be classified? into 9 
different types. The morphology of the chromosomes in this variety has 
been found to be slightly different from the other. The nine different types 
were clearly distinguishable from each other by their size and the relative 
positions of primary and secondary constrictions in the chromosomes. The 
nine different types are as follows (figs. 5, 10). 

1. A pair of long chromosomes with submedian primary constriction 

(AA). * * 

2. Three pairs of long chromosomes with median primary constriction 
(BB, CC, DD). 

3. A pair of medium-sized chromosomes with nearly submedian primary 
constriction and a satellite attached at the shorter arm (EE). 

4. A pair of medium-sized chromosomes with median primary constric¬ 
tion and a satellite attached at one arm (FF), 

5. A pair of medium-sized chromosomes with submedian primary con¬ 
striction (GG). 

6. A pair of medium-sized chromosomes with median primary con¬ 
striction (HH). 

7. Two pairs of short chromosomes with median primary constriction 
and a satellite attached at one arm (II, JJ). 

8. A pair of short chromosomes with submedian primary constriction 

(KK). _ 

9. A pair of short chromosomes with median primary constriction (LL). 

In the prophase stage of root-tip nuclei, eight chromosomes were seen 

distinctly attached to the nucleolus (fig. 6). The morphology of these chro¬ 
mosomes corresponded with the nucleolar chromosomes observed at the 
metaphase plate. Eight nucleoli were observed in the telophase stage of 
somatic nuclei, one pair being big, one pair intermediate, and the other 
two pairs small in size (fig. 7). 

J Blakeslee and his co-workers have made a detailed investigation of the 
meiotic behavior of D. stramonium. All the primary trisomics, secondaries, 
and tertiaries have been found. During the present, observation, no prime 
types, or trisomics have been found. Though a large number of plants have 
been examined; yet all the specimens were found to possess 24 chromosomes 
'ill .the somatic nuclei. Moreover no ring formation nor the “kite” or 
“necktie” formations during meiosis, as has been observed by Blakeslee in 
D. stramonium hybrids, were observed. 



194GJ 


BHADURI AND SHARMA: DATURA 


443 


During meiosis, in the pollen mother cells considerable irregularities of 
the chromosomes have been observed. Besides the normal occurrence of 



Figs. 11-13. Datura fastuom. 12 regular bivalents during diakinesis, metaphase, and 
anaphase, respectively. Figs. 14-16. Diakinetic nuclei showing 10 bivalents + 4 univalents, 
11 bivalents 4- 1 trivalent, and 14 bivalents, respectively. Figs. 17-19. Metaphase I show¬ 
ing 13, 9, and 11 bivalents, respectively. Figs. 20-23. Anaphasic separation of 10 
bivalents +1 univalent, 11 bivalents, 10 bivalents+ 1 trivalent+ 2 univalents, and 14 bi¬ 
valents, respectively. Figs. 24, 25. Meta phase II showing irregular distribution of uni¬ 
valents. Fig. 26. Anaphase II showing a distribution of 10 and 10 and 12 and 12 
univalents. 

twelve bivalents and their normal pairing and segregation, different chro¬ 
mosome numbers ranging from 9 to 14 bivalents were observed. Even in 
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some of the pollen mother-cells with 24 chromosomes, normal pairing was 
not observed. So, in diakinegis, ten normally paired bivalents and four 
univalents have occasionally been found (fig. 14). The irregularity in chro¬ 
mosome number was evident in all the stages, including the second division 
of meiosis. In diakinesis, mother-cells with 9 bivalents, 10 bivalents and 1 
univalent, 13 bivalents, 11 bivalents and 1 trivalent, 14 bivalents, 11 biva¬ 
lents, 11 bivalents and 1 univalent, etc., were distinctly observed (figs. 15, 
16). Different configurations due to different degrees of terminalization were 
also interesting to note. Metaphase plates showing 9 to 13 bivalents with 
their characteristic size differences have been recorded (figs. 17, 18, 19). 
In anaphase stage, chromosome numbers ranging from 19 to 26 and univa¬ 
lents ana multivalents were also observed (figs. 20, 21, 22, 23). The dis- 

TABLE 1. Different types of segregation during anaphase I & II in D. fastuosa var . alba 


Diff. chromosome No. 
& their pairing found 
in 1st. div. 

No. of times observed 
in 100 P.M.O. taken 
at random 

No. of univalents at 
one or both poles 
during 2nd. div. 

No. of times ob¬ 
served in 100 
P.M.C. taken at 
random 

12 bivalents 

43 


50 

13 “ 

8 


13 

9 “ 

3 



11 

14 

8-11 

3 

10 “ 

6 

12-11 

4 

14 << 

3 

10-10 

3 

10 bivalents+ 1 univ. 

3 

11 

15 

11 “ +1 “ 

3 

10 

5 

9 “ +1 “ 

5 

8 

2 

12 " +1 “ 

4 

13 

4 

10 “ +4 “ 

5 

14 

1 

10 “ +2 “ 




and 1 triv. 

1 3 




junction of bivalents could be examined more clearly in the smear prepara¬ 
tions than in sections. 

In the second meiotic division also, the irregularities were quite evident 
and cases were recorded with 13 and 12, 10 and 11, 8 and 11, 12 and 11 
chromosomes, etc. in the two metaphase groups (figs. 24, 25). Abnormal 
numbers after the second meiotic divisions were also observed passing into 
the tetrad stage (fig. 26). In the present investigation an attempt has been 
made from a large number of observations to find out the average frequency 
of the occurrence of different chromosome numbers in the P.M.C.’s resulting 
from such irregularities. The observations are presented in table 1. From 
this table it will be evident that nearly 50 per cent of the P.M.C.’s bear 
irregular numbers. 

It is interesting to note that all the irregular types could be seen some¬ 
times within the same anther lobe. 
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It may be concluded from the above observations that some change in the 
premeiotie divisions must be responsible for the production of P.M.C.’s 
with abnormal chromosome numbers. It is quite probable that some of the 
chromosomes fail to divide at this stage. This will lead to increase and de¬ 
crease of chromosome numbers at the two poles and thus mother-cells with 
higher or lower chromosome numbers than the normal haploid number 
will be formed. If it is assumed, for instance, that of 24 chromosomes 21 
undergo normal division and the remaining 3 do not divide fully, i.e., the 
two chromatids remain attached by their centromere, move to one pole and 
separate later, then this will lead to the formation of one daughter-cell with 
21 chromosomes and the other with 27 chromosomes. Such irregular pre¬ 
meiotic division will, as a rule, produce duplication of some of the chromo¬ 
somes in some mother-cells and deficiency of some other chromosomes in the 
same number of mother-cells. Thus the occurrence of nmltivalents in some 
and univalents in other P.M.C.’s can easily be explained. Further, if the non¬ 
dividing chromosomes be equally shared by the two daughter-cells, abnor¬ 
malities in the P.M.C. bearing the normal 2n = 24 chromosome number may 
result. For example, if of 24 chromosomes 4, viz., A, B, C, and D, fail to 
divide during anaphase, and if A and B move to one pole and C and D to 
the other, then one of the daughter-cells, though having 24 chromosomes, will 
have the duplicated sets of A and B chromosomes and the other daughter-cell 
will have the duplicated set of 0 and D chromosomes. Consequently in the 
former case C and D and in the latter case A and B respectively will be de¬ 
ficient. Furthermore, occurrence of univalents in large numbers in a nucleus 
also indicates the presence of extra chromosomes which have failed to pair 
during meiosis. 

The tetrad formation is of simultaneous type and the arrangement of 
tetrad nuclei in different planes of the mother-cell was quite evident. 
Irregularities in tetrad formation were also observed and “linear tetrads” 
of spores have occasionally been found. It was observed in some P.M.C.’s 
that late in the season variations in temperature were accompanied by the 
occurrence of several, as many as eight, free nuclei, indicating the extreme 
susceptibility of the plant to temperature fluctuation. Similar instances have 
been reported in Hyacivthus (de Mol 1923), Triticum hybrids (Kihara & 
Lilienfeld 1936), Knipbofia (Moffett 1932), Tradescantia, and Gaura species 
(Bhaduri 1941,1942a). 

The dyad nuclei show 4 nucleoli in each nucleus, one being big, one 
intermediate, and the other two small and similar in size (fig. 8). The two 
small nucleoli were seen closely appressed against the respective nucleolar 
chromosomes. It can be stated therefore that the big, the intermediate, and 
the two small nucleoli form 4 homologous pairs. 

Pollen grains are of the same type as found in the black variety, but in 
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this variety pollen grains with different sizes and shapes (small, medium, 
and large), showing also partial abortion, were not infrequently met with. 
The percentage of abortive grains (15 to 18) was not so high as the irregu¬ 
larities of chromosomes in P.M.C. (as many as 50 per cent of the mother- 
cells) during meiosis would suggest (cf. table 1). Presence of pollen grains 
of varying sizes can be explained on the basis of chromosome deficiencies 
and balance (Darlington 1929, Bhaduri 1942b). Attempts were made to 
find out the time of division of the pollen grains but satisfactory results 
have not yet been obtained. 


DISCUSSION 

Although extensive work has been done in 1). stramonium by Blakeslee 
and his co-workers, very little is known about the allied species D. fasluosa, 
the common weed of waste places in India. As has been pointed out in the 
introduction to this paper, Gates (1942) in his review has mentioned that 
in D. stramonium a high number of satellited chromosomes, as many as seven 
in the haploid plant, have been found by Batina, Bergner and Blakeslee 
(1941). The latter authors have, however, not examined or counted the 
number of nucleoli in this species. In 1). fasiuosa it will be found from the 
present investigation that an exact correlation exists between the maximum 
number of nucleoli and the number of satellited chromosomes. The two 
varieties of D. fastuosa differ, however, from each other in the number of 
nucleoli and the number of satellited chromosomes present, the maximum 
number of nucleoli and nucleolar constrictions found in the somatic com¬ 
plement in the two varieties being 6 and 8 respectively. A corresponding 
number of nucleoli in the telophase stage of root-tip cells, in dyad and tetrad 
nuclei has also been found. This observation is also confirmed from the 
number of attachments of chromosomes to the fused nucleolus of the somatic 
prophase stage. It is interesting to note that the morphology of the somatic 
chromosomes, excepting the satellited opes, is very similar in the two 
species D. stramonium and I), fastuosa. 

In view of the above’ observations, it may be suggested that a critical 
re-examination of I). stramonium with respect to the maximum number of 
nucleoli and satellited chromosomes is desirable. 

It has been generally assumed that a true diploid species should have a 
pair of homomorphic nucleoli in the somatic nuclei (Bhaduri 19411). In¬ 
crease in the number of nucleoli or the presence of size differences between 
the nucleoli in a species has been interpreted to be due to numerical and 
secondary polyploidy, segmental interchange between nucleolar and non- 
nucleolar chromosomes (Bhaduri 1943), and fragmentation of satellited 
obtamoBomes (Bhaduri & Bose 1946). Both I). stramonium and D. fastuosa 
are generally taken to be true diploid species. Previous observation in I). 
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stramonium and the present work on D. fastnosa do not give evidence as 
to the secondary polyploid nature of the two species* No secondary associa¬ 
tion between bivalents, a characteristic feature of secondary polyploid 
plants, has been observed in these two species. There is evidence, however, to 
show that considerable structural changes of chromosomes have taken place 
in I). stramonium . According to Rergner, Satina and Blakeslee (1933) and 
later work (Blakeslee et al. 1940), there are 96 prime types of D. stra¬ 
monium, each differing from the parent standard type with respeet to one 
or more interchanges. If such interchanges are involved between nucleolar 
and non-nueleolar chromosomes, then the origin of a high number of sec¬ 
ondary constrictions and nucleoli is expected (McClintoek 1934, Bhaduri 
1942a). 

It will be interesting to know how T the prime types differ from the stand¬ 
ard 1). stramonium w r ith respect to the maximum number of nucleoli and 
satellited chromosomes. Unlike T). stramonium , in both the varieties of 7>. 
fastnosa no evidence of translocation has been obtained from the behavior 
of meiotie chromosomes in the since no ring of four or “kite” or 

“necktie” type of formation during meiosis has been observed. In the white 
strain, as described in the text, a very remarkable irregularity in as many 
as 30 per cent of the P.M.CVs during meiosis has been recorded, it has been 
pointed out, that in the premeiotie mitosis, failure in the division of one or 
more chromosomes and their subsequent inclusion in the P.M.C. nucleus 
often leads to the production of spores having either higher or lower num¬ 
bers of chromosomes than the usual gametic number. Random union of such 
gametes can not only produce plants having higher or low r er chromosome 
numbers than the normal diploid number (2a * 24), but otherwise than in 
1). stramonium we find here a ]H)ssibility of having species with the normal 
diploid chromosome number 2a = 24, at the same time having one or more 
chromosomes duplicated. If nucleolar chromosomes are involved in such 
abnormalities then an increase or decrease in the number of nucleoli and 
satellited chromosomes may easily result. On the basis of this hypothesis, 
the formation of a ring of four and multivalent formation in Datura can 
also be explained as due to duplication of chromosomes by irregular pre- 
meiotic mitosis without assuming previous translocations, as found in many 
prime types of D. stramonium. 

Tt is remarkable that although spores with such irregular numbers have 
been found in the white strain, D. fastnosa var. alba, trisomics or plants with 
higher or lower number of chromosomes appear to be rare. Further, when 
we assume duplication of one or more chromosomes in the white strain we 
should also expect multivalent formations during meiosis. During the 
present observation, however, although a good number of plants have been 
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examined, the percentage of multivalent formation during meiosis has 
always been found to be very small. 

Some explanation of the physical basis of the origin of different forms 
of D. fastuosa can be obtained in the light of the observations made regard¬ 
ing the production of spores having different chromosome numbers and 
particularly of the origin of spores having the same chromosome number 
but of different genotypes. As is evident from table 1, about 50 per cent of 
the P.M.C.’s bear an irregular number of chromosomes. Furthermore, the 
percentage of abortive grains has been found to be only 20 per cent approxi¬ 
mately. Therefore it is quite evident, that about 30 per cent of these spores 
remain viable with irregular numbers of chromosomes. Whether these 
different forms of V. fastuosa occurring in nature are distinct phenotypes, 
breeding true to character, or different ecological strains, remains to be 
proved by breeding experiments. Preliminary experiments in this direction 
have already been started. In the black strain, where fairly regular behavior 
of chromosomes has been observed during meiosis, we find also variation, 
though on a comparatively smaller scale. 

SUMMARY 

The two varieties of I). fastuosa, the black and the white, a common weed 
of India, differ from each other with respect to the presence or absence of 
anthoe.vanin pigment in the body of the plant. The white variety shows a 
wider range of variation as compared to the black one. A comparative idio- 
gram study of the two varieties has revealed a close similarity between the 
two, except that in the black variety there are three and in the white there 
are four pairs of chromosomes with nucleolar constrictions. Corresponding 
to this, there are three and four homologous and homomorphic pairs of 
nucleoli present in the two varieties respectively. The present observation is 
in conformity with the theory of numerical correspondence between the 
maximum number of nucleoli present in a species, and the total number of 
secondary constrictions present in the chromosome complement of that 
species. A re-investigation of 1). stramonium in the light of the present in¬ 
vestigation has been suggested. 

In both the varieties normal pairing of twelve pairs of chromosomes 
has been observed. No evidence of secondary association between bivalents 
could be obtained. Excepting occasional trivalents, ring formation or other 
multivalent formations have not been found. While a fairly normal meiotic 
behavior is present in the black variety, in the white variety a very interest¬ 
ing condition has been observed. Some chromosomes fail to separate in the 
premeiotic mitosis'with the result that mother-cells showing higher or lower 
ehiiomosome numbers (n = 9, 10, 11, 12, 13, 14) than the haploid number 
are formed. This irregularity leads to duplication or deficiency of some of 
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the chromosomes and consequent univalent and occasional multivalent for¬ 
mations. It has been shown how this type of irregularity may not only lead, 
to the formation of gametes having unequal chromosome numbers but also 
to gametes having the normal haploid number but of different genotypic 
constitution. Random and successful union between such gametes provides 
an explanation of the cause of origin of trisomics, tetrasomics, 2n -1, and 
other types, as well as of plants showing the normal diploid number but 
of different genotypes. These may also differ phenotypically. The wide range 
of variation found in this variety should be analyzed by breeding experi¬ 
ments in the light of the present observations. 

University College of Science & Technology, Calcutta University, 
Calcutta, Tndia 
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NOTES ON THE VEGETATION OF SIERRA SUROTATO 
IN NORTHERN SINALOA 

Howard Scott Gentry 

Sierra Surotato rises in great form up from the coastal plain in northern 
Sinaloa^Those who ride the rails may look out northeastward in the latitude 
of Guamuchil (25° 30" N) and see its blue-distant hulk, often crowned with 
clouds, and, if the atmosphere is clear, see also the rugged broken rims of 
rocks and numerous penetrating canyons. I beheld it so in the spring of 1940 
and thereafter that distant beauty and the lure of unknown and unsought 
plants secreted in the mountain fastnesses led me back to visit it in 1941 and 
again in 1945. 

The top elevations of Sierra Surotato range from 6500 to 7500 feet above 
sea level. It is a coastal outpost of the Sierra Madre Occidental, the main 
axis of which is carried through Sierra Mohinora in Chihuahua about 40 
airline miles eastward. Surotato\s position is comparable to that of Sierra 
de Alamos, classic plant locality in southern Sonora, but its bulk is much 
greater. Generally in Mexico the inhabitants have local names for mountains 
and neglect general or inclusive appellations for mountain systems and this 
is true of the Surotato complex. Sierra Surotato is composed, from north to 
southeastward, of Sierra Ocurahui, Sierra Surotato, and Sierra Monterrey. 
The situation is shown on the accompanying map (fig. 1), which should not 
be assumed as accurate in detail. Since this sierra is not named on any maps 
I have reviewed, it can serve until measured detail is supplied. Its position 
is well indicated on the one-to-a-million Map of the Americas, Culiacan 
quadrangle, published by the American Geographic Society in 1935. My 
aneroid readings showed the highest peak, Surotato, to be 500 to 600 feet 
higher than the 2192 m. given on that map. The system is 40 to 50 miles 
long NE to SE and variously dissected by deep precipitous canyons and 
intricately ramified by radiating ridges. 

The core of the mountain is granitic. It was observed as the common 
rock in the Tamiapa foothills on the southeast and again through the foot¬ 
hills on the west as far out as San Joaquin. Laid over the granite through 
high and low elevations are various lavas of various ages and extent. In the 
higher elevations are both massive and laminated sedimentaries, highly de¬ 
formed and often metamorphosed. These are strikingly exposed, atop Sierra 
Monterrey (fig. 2). Mainly, however, it is the volcanics that form the rugged 
cliffs and peaks of the higher elevations, some strongly calcareous as the 
Penascos de Pucheros, 
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Sierra Surotato is relatively wet as attested by the rather numerous epi- 
phytie bromeliads, orchids, lichens, mosses, and the preponderance of meso- 
phytic and tropical species. The rainfall station nearest to Surotato is in 
Badiraguato, lying in a foothill valley 30 to 40 miles southeast. Its annual 
average is around 30 inches. That of Sierra de Alamos, about 100 miles north 
of Surotato, in Sonora is between 20 and 25 inches annual average. With 



Fro. 1. The Sieira Suiatoto region. Scale 1. 225,000. 


these records (1) and the indications from vegetation we can estimate the 
higher wetter elevations of Sierra Surotato to exceed 40 inches annually. 
The season is binary; rains from May to February with a mild drought 
period in the fall, and long drought through the spring. Occasionally spring 
rains occur, however, as in March 1940 when it rained heartily for a week, 
muck to the surprise and consternation of the collecting botanists. The 
copious summer rains are convectional in type, of tropic origin; the more 
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violent storms are known as “chubascos.” The “equipatas” (<L.—even 
feet) are the light even rains of winter. 

White clouds that the lowlanders see investing the heights of the moun¬ 
tain are only fog to the mountaineers. This reduces the incidence of sunlight 
considerably over that due to rain clouds alone, since it may appear both 
preceding and following diurnal rain hours, and may also occur as ground 
fog lying in the highland valleys in the early morning. The foggy forest is 
gloomy and dripping, festooned with hanging mosses, cool, and inhabited 



Fig 2. .Sierra Monterrcj forested with pme and oak; looking north, March 1940 
The anticlinal massive sedimentanes dip westward. 

only by shade-tolerant species on the northern slopes. Fog is undoubtedly 
a chief factor in supporting the rich communities of epiphytes and the 
varied forest of tropical nature 

Snowfalls are said to be of almost yearly occurrence at Ocurahui and 
throughout the higher elevations. As reported by the natives, they are light, 
lie but a little while, and fall in January and February. Yet orchids and 
Tillandsia grow m these elevations of snowfall (fig. 3), suggesting an un¬ 
expected tolerance to cold. However, plants were observed in rather spotted 
occurrence, indicating that they are restricted in these higher elevations to 
warmer spots conditioned by local features of terrain. The area of snowfall 
is within the pine zone. 
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The vegetation of Sierra Surotato has been markedly disturbed by man 
in a small percentage of the area. Regular planting and cattle are limited 
to the areas of less rugged terrain. Milpas of beans, squash, potatoes, wheat, 
and maize, and small orchards of peaches, quinces, apples, and oranges are 
scattered through the mountain adjacent to the small settlements. There is 
a small planting or two of coffee in Canyon Tarahumare, the most northerly 
occurrence of this crop in North America. The opium poppy, Papaver $omni- 
ferum ♦ is scattered in small plots, spring-grown, often following wheat. 
Though the poppy is dry-farmed, it is preferably planted where it can be 
irrigated by diverting the small mountain rills. The uncertain spring rains 
may or may not be sufficient for a good yield of gum. It is a contraband 
product providing the mountaineers with a ready cash crop. Because of this 
they are suspicious of strangers and I was once threatened with indefinite 
detention. 

Transient milpas through the past two decades have made serious muti¬ 
lations of the mountain cover. This is conspicuous through the Canyon de 
Tarahumare, where even precipitous rocky slopes of 40° to 60° inclination 
are cut over for only the one or two crops of maize they will produce. In¬ 
crease in such cuttings is correlated with increase in local population. These 
natives refuse offers of more arable land in the coastal plain because they 
prefer to live in their mountain environment, believing that they would 
suffer and fall ill in the hot lowlands. They are poor and subsist upon an 
incipient agriculture which would be inadequate for any modern society. 
The native trees are also felled for local fuel and lumber. 

The rancho, Los Pucheros, is remarkable for the degree of comfort ami 
orderliness with which it has been maintained. This is entirely due to an 
elderly bachelor, now crippled, native of the mountain, who admires and 
can name every state in our union, although he has spent his whole life 
upon Surotato. In his pine log buildings with shake roofs he quarters sum¬ 
mer vacationists from the hot lowlands. Mostly they make the laborious trip 
by mule, but airplanes have been landed at the neighboring rancho of El 
Horno several miles away. The landing strip is a mountain meadow atop 
the sierra. Landings, however, should not be attempted without first ascer¬ 
taining the condition of the field. 

The natural vegetation of Sierra Surotato is thriving, unusually eom- 
plei, and covered by slope forests of highly mixed dominants, largely 
deciduous in the lower elevations, pine-dominated in the upper. The more 
arid element is found in the Short-tree Forest formation (2) of the lower 
slopes. Upward in the wetter elevations, 2500-4500 feet, are many intruding 
tropical species. Here the formation is more nearly a tropical deciduous rain¬ 
forest with an increase in the density of shrub species over that found in 
typical Short-tree Forest. Tropical mesophytes are best represented in the 





Fig, 3 Stand of young oaks at about 6000 feet elevation near Ocurahui, showing 
epiphytes of T\Uand*\<x tnfiafa and moss. Fig. 4. The valley of Ocurahui in September 
1941. Elevation about 6000 feet. Cornua rxceha lines the cut-in creek meandering tjbrougb 
the meadow. Scattered pines mix with several hardwoods. ' 
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deep canyons, following upwards high into the oak zone. The nearly pure 
oak forest grades into Pine-oak Forest between 4000 and 5000 feet. Madrofio, 
Arbutus, is common at 6000 feet and above. The numerous communities and 
the heterogeneous associations are. indicated in the following annotated list 
of collecting localities. 

Varomena, elev, 1000 feet. This village bf a few hundred people lies in 
the foothills at the northwest end of Sierra Surotato and perhaps 70 miles 
northward from Ouamuchil. It is the end of the crude truck road. It is 
rather typical of the foothill valley country thereabouts. Much of the virgin 
cover has been cut over and used for milpas or over-grazed. Some of the hill 
slopes contain small or large areas of but little disturbed woodland of Short- 
tree Forest composition (2). A messy, aggressive, scrubby cover is commonly 
adventive upon fallowing milpas and might well bear the name of subtrop¬ 
ical scrub of writers, who apparently have not always recognized its real 
transitory position in the development of the vegetation. An old man in 
Varomena told me that formerly “eneinos” or oaks grew upon the hills 
above Varomena and that the original “monte” had been cut away. How¬ 
ever, some relics of the virgin forest cover remain and-one which was visited 
lay about two miles northeast of the village on a northern slope. It showed 
a good forest growth with a general stature of mature trees about 30 to 40 
feet, dominated by a mixture of drought-deciduous species. The relatively 
large mesic leaf (average area perhaps 75 cm. 2 ) was more common than the 
smaller pinnatifid type as represented by the Mimosaceae and Burseraceae. 
The former type was generally palmately divided as in some of the common 
dominants such as Ceiba acuminata, Cochlospcrmum vitifolivm, and Tabe- 
buia palmeri. Ipomoea arboreseens var. pachylutca was one of the large- 
leaved dominants and formed large trees about 40 feet in height with a 
trunk diameter of two feet or over. It is one of the common tree species 
through the lower elevations of Sierra Surotato, occurring both in virgin 
cover and on cut-over areas. Four different ’species of Bur sera were found 
in this segment of forest,, some with finely cut leaflets. A few vines were 
climbing trees and Cissus rhombifolia was collected. Secondary shrubbery 
was only thinly present and little difficulty was found in getting about 
through the trees. On the whole its composition is typically Short-tree Forest 
except for the light infusion of oaks, which may be explained by an original 
adjacent formation of Savanilla occurring transitorily through the region 
and previously reported near Sierra Tacuichamona (3). 

Savanilla is a minor member of the foothill vegetation. Arborescent spe¬ 
cies f'rom Thorn Forest, Short-tree Forest, and Oak Forest occupy the rocky 
outejroroppings, where rapid water carriage of weathering products does not 
allow* appreciable soil formation, while turf grasses cover the intervening 
evener slopes whose soil is a coarse mixture of gravels and clay. The basic 
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rock extrusions are commonly the heights of volcanic pediment which under¬ 
lies the shallow surface soils. The topography of such terrain is much less 
precipitous than the Barranca Region proper and the best development of 
Savanilla is in rolling or slightly broken topography. Those who regard 
grassland as a late and more highly evolved feature in the development of 
organic covering are here happily sustained in this striking illustration. 
The arborescent species are limited to the physiographically younger part 
of the terrain, the degrading rocks, while grasses monopolize the aggrading 
miniature plains and gentle slopes. The arborescent mixtures often run 
strongly to the Cuajiotal type, but not to the degree described in southern 
Mexico (4), and as observed elsewhere in this formation along the west coast. 
The trees are preponderantly drought-deciduous and short-statured. 

Las Mesas, elev. 3000 feet. Las Mesas, a half day’s pack trip southeast¬ 
ward from Varomena, is a rancho with two or three houses in what may 
be called bench laud about half way up Sierra Surotota. Small mesas sup¬ 
port a grass cover with oaks and Short-tree Forest species upon adjacent 
slopes and canyon origins. The mesas themselves are trifling but interest¬ 
ing instances of atypical savanna. Local physiographic features and climate 
have united to effect unusual mixing of dominant species and with this 
there is an inherent similarity to the lower lying Savanilla. 

Striking associations are the rocky glades and ridges of Ipomoea-Bursera 
stands, the littered rocky slopes of pure oaks on northern slopes, and a 
highly mixed deciduous forest on southern exposures. The tall slender 
Bursera arborea is found in canyon origins. Herbs and shrubs are plentiful 
and highly mixed in moist situations with highland and lowland species 
overlapping. 

The soil is shallow, volcanically derived, and the run-off rapid. Pines are 
lacking. The climate is most equable. The rocky terrain and shallow soils 
appear to be the chief factors in limiting the vegetational configuration, re¬ 
sulting generally in bringing together a number of plants that can gain foot¬ 
hold within their respective limits in amounts of soil needed. Dwarf thick¬ 
stemmed Burseras only 4-6 feet high were found growing out of the crevices 
of bare rocks, while their normal-statured brothers stood by, 15-20 feet high, 
in shallow pockets of soil. 

Fog is not prevalent at this elevation and is correlated with a relative 
lack in the epiphytic population. The pendulous lichen is lacking altogether, 
orchids and Tillandsia infrequent. 

Varied grass stands oecupy most level spaces and gentle gradients. Both 
turf and bunch grasses are found ou open slopes, while Paspalum plicatum 
waa found thriving in moist depressions together with Cyperus and Cuphea 
proevmbcns. The natives consider this grass good forage. Along the trail up 
to Las Mesas beautiful specimens of Lemaireocereus montanvs were observed. 
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Ocurahui, elev. 6000 feet. Ocurahui is a scattered settlement of four or 
fire houses about a day and a half by uiule eastward from Varomena. It is 
a delightful, park-like valley cradled in the pine lands on the northern end 
of Sierra Surotato (fig. 4). A shake-roof storehouse was hospitably donated 
by Don Jose Rochas, the loquacious, intelligent, polygamous, and most in¬ 
fluential man of that part of the mountain. The storehouse provided the 
mosos and me adequate shelter from daily summer storms, facilities for dry¬ 
ing presses over a smoking fire, and except for the piggy odor emanating 
from a pen at one end was entirely pleasant. Edible food, however, was 
scarce and I knew hunger long before my stay was over. The rolling valley 
was rich in meadow and slope grassland, orchards harbored native herbs, 
and a dashing creek came out of the surrounding forest, bubbled through the 
celestial valley, and went out into the woods again, falling over into the deep 
canyons below. Gentle valley slopes are exceptional in the mountain. It is 
mostly quite broken and rugged; stout legs and good lungs are needed for 
getting about. 

There are very few pure stands of pine about Ocurahui. The dominant 
forest type is a mixture of pine and oak, as outlined in the following list, 
arranged approximately in their order of dominance. 


P%nus macrophylla Erigel. 
Ptnus ayacahmfe K, Ehrenb. 
Pm us oocarpa Schiede. 

Pinus lumholtmn Rob. & Fern, 
Ptftuspseudostrobus Lind!.? 


Quercus epxleuca Trel. 
Queicus pallcsceny Trel. 
Quercus dun folia Trel. 
Quercus p<ntryt Mull. 
Quercus candicans Nee. 
Quercus endhchiann Trel. 
Quercus penntvevxa Trel. 


Pinus macrocarpa and P. oocarpa appear to have the greatest altitudinal 
ranges. P. InmhoHzii is common, while P. pseudostrobus (?) is scarce, scat¬ 
tered, and not found at lower elevations. On the whole the pine growth is 
small and only small timber was observed. It is employed for local building, 
for torches, and for kindling by the natives. Oak is preferred as firewood. 
Quercus epilenca is mosj abundant upon the moist shady slopes, growing 
with long straight boles as high as the smaller pines, 15-20 meters. Q. pal- 
lescens is more common over all types of exposures. Q. yentryi is not uncom¬ 
mon and forms rather densely leafy crowns with its narrow leaves. Q. penni- 
venia is restricted to sparse stands on arid slopes with the old trees low and 
routading, 6-8 m. high, the branches low and the whole forming a wide sym¬ 
metrical big-leaved tree. Arbutus xalapensh was collected on Sierra Monter¬ 
rey and often takes its place with the pines and oaks. 

In the high moist cool canyons the pines and oaks are often replaced by 
other more mesophytic trees, nearly all of which are shade-tolerant. Among 
them are Sty rax argenteus, Ostrya virginiana, Cornus disci flora, and along 
the streams Cornus excelsa, Garrya laurifolia, and Magnolia schiedeana. 
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The shrub population is rich in species, Rhus aUophyUoides and Rhamnus sp. 
are both shade-tolerant deep-canyon dwellers, the latter forming riparian 
colonies. Crotalaria, mollicula is an herbaceous subshrub and it forms exten¬ 
sive colonies upon high moist shade slopes with the low herbaceous Erythrim 
montana infrequently infiltrating. Triumfetia. chihuahuensix is another can¬ 
yon shrub, while other members of this tiliaceous genus are common on the 
more open slopes mostly at lower elevations. Herbs are present in numerous 
species, occurring only very thinly under pine stands, but occasionally form- 



Fxg. 5. Slope 1 forest of oak in the Quebrado de Manaaua, September 1941. View over 
looks tops of Platan it* trees growing along stream in canyon bottom. Lymloma watnom in 
light foreground and a few scattered along gullies with the oaks. 


ing a floor covering under mixed forests with such species as Ipomoea deca- 
sperma. The grass cover is generally quite sparse or lacking under the forest, 
but thin stands of Aristida schitdeana and Muhlenbergm nguht occur under 
the trees. 

Quebrado de Mansana, elev. 3000-5000 feet. This is a deep canyon be¬ 
tween Ocurahui and Las Mesas with an abandoned mine and a few ranchos 
scattered along the bottom. The north exposures in the upper extents are 
covered with pines that grade downward into oaks. The southern exposures 




460 


BULLETIN OP THE TORRETT CLUB 


(Vo U TS 


are dominantly oaks; Quercus chihuakuenm , Q. tubercutata, Q. ctibocincta. 
The main canyon is lined with tall aliso trees, Platanus racemosa var. and 
with them in the tributary canyons is a strong infusion of barranca and low¬ 
land trees; Ceiba acuminata, Ipomoea wrborescem pachylutea, Ortopanax 
peltatum , Inga eriocarpa, intermingled with highland species. Shrubbery is 
rampant under the slope forests and mixed with numerous species; bush-like 
composite types, wand-like shrubs as Mimosa . spp. and Perymemum steno- 
phyttum, and the small graceful Tnumfetta goldmannii, and the larger tree¬ 
like forms as Eysenhardtia reticulata, Calliandra gentryi, and Hehocarpus 
sp. with broad leaves. Altogether they form a closed cover rather difficult to 
negotiate on the precipitous slopes. On the moist slopes and bottoms the 
herbs form a thick carpet and are prevailingly shade-tolerant, broad-leaved, 
turgescent types. Grass species are only scattered here and there in these 
wooded moist slopes and vary greatly in habit. # 

The south exposures are essentially more arid and less shrubby. Eriosema 
and coarse grasses are typical of the low well^spaced cover on the more rocky 
areas, with grasses becoming dense on moist slopes with more soil. The pre¬ 
vailing type of leaf is stiff and harsh in both monocots and dicots, as pointed 
out as characteristic for the Oak Forest belt of northwestern Mexico (3). 
Shrub thickets are generally lacking though individual shrubs occur. The 
herbaceous flora is rich in species, variously adapted to the small moist 
gulleys or the open arid slopes. 

Quebrado de Tarahumare, elev. 2000-5000 feet. The canyon de Tara- 
humare is the greatest western dissection of Sierra Surotato and contains 
the most settlements. Its vegetation, therefore, has been more disturbed than 
that of the Quebrado de Mansana, but in its several precipitous tributaries 
is still found a great deal of virgin forest. The make-up of the vegetation is 
essentially similar to that noted for Mansana, but it does contain species 
rare or lacking in Mansana. It is generally true of Sierra Surotato that 
every major canyon has its own floristic make-up. As one passes from one 
canyon to another new plants meet the eye. This is a characteristic of trop¬ 
ical floras, which in North America reach their climax in the exceedingly 
rich flora of Costa Rica, where within an area of 18,400 sq. miles over 6000 
species of plants have been catalogued (5). 

The canyons of Sierra Surotato are the meeting places of temperate and 
tropical genera. The following list shows several plants not previously known 
as associates or as having over-lapping ranges. 


Temperate 

Q$trya mrginktoa (Mill.) Koch. 
> Platanus racemosa Nutt. var. 
Jugkrns major (Torr.) Heller 
Prunella vulgaris L. 

AquOegia af£. skinneri Hook, 


Tropical 

THstylium sp. 

Magnolia schiedeana Schleeht. 
Brosmum ahcastrum Swart*. 
Garrya laurifolia Hartw. 
Picramnia antidesma Swart*, t 
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Agrimonia striata Micltx. 
Corydalis montana Engelm. 
Lathyrus leucanthus Rybd. 
Viola neometcieana Greene. 
Sisyrinchlum arizonicwm Rotbr, 
Cnidosculus angmtidens Tort. 
Mint ulus rerbenaceus 


Psittaeanthus macranthmus Eicbl. 
Styrax argenteus Preal. 

Boceonea arborea Wats. 
Chamaedorea sp. 

Calathea aff. cyclophora Baker. 
Maranta arundinacea L. 
Klaprothea mentzeloides H.B.K. 
Zeugitis latifolia Heznsl. 

Cupania glabra Sw. 


The records of plants collected on Sierra Surotato not only contribute 
to our knowledge of the distribution of northwest Mexican plants, but are 
significant in interpreting the evolution of the floras of southwestern North 
America. In this mountain is a varied number of plants whose observed or 
recorded distributions are discontinuous in the latitudes of the desert-trop¬ 
ical transition. A few examples are: Ostrya virginiana, Agrimonia striatd, 
Lathyrus leucantha , CorydaUs montana , and the disjunct Platanus racemosa, 
all of northern origin. Most of such distributions appear to be relics repre¬ 
senting Pleistocene adventives established during glacial epochs, when the 
cold front was farther south. Examples of plants whose distributions appear 
to be, or are established as, discontinuous area: Brosimum alicastrum, Dis - 
tylium sp., Chamasdorca sp., Calathea aff. cyclophora , Klaprothia mentze - 
laid*#. Athyrocarpus leiocwrpus , Boceonea arborea, Zeugites latifolia, and 
Cupania glabra. Such distributions'may also be explained on the basis of 
climatic succession during Pleistocene periods, as relics in the more sheltered 
canyons left from populations retreating before the south moving cold fronts. 

The endemics of the desert-tropical transition, which are many, together 
with other species of broad tolerances form the great bulk of the flora. They 
are the great, rugged, plastic element that moved down from the Southwest 
into Mexico when the arid and the arctic dominated the north temperate 
(6, 7). Most of the component species, either quickly or slowly, are per¬ 
sistently aggressive in occupying new coastal lands (e.g. the rising coast) 
and abandoned clearings (2). 

The theory of plant migrations under the duress of migrating climatic 
zones, due to geomorphism and varying sunlight during geologic ages, may 
be of great value in explaining the development of plant distributions. Cer¬ 
tainly no field could be more fruitful in source material than the long desert- 
tropical transition flanked on the west by the great sea and on the east by 
the Sierra Madre Cordillera. Here variable temperature operated with alti¬ 
tudinal zonation to give latitudinal movement as well as the more universal 
longitudinal migration to the mobile biota. Before historical interpretations 
of distribution can have accuracy, however, an intimate knowledge of plant 
placements is necessary. On the whole the vegetation of Sierra Surotato and 
environs is of desert-tropical transition, with a tropical element more pre¬ 
ponderant than a temperate one. This is just below 26° north latitude, some 
150 miles above the Tropic of Cancer. 
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In conclusion the following outline approximates the actual sanation of 
the major forms of vegetation on Sierra Surotato and adjacent coast. 

Pine Oak Forest .... 4500-7000 feet elev. 

Oak Forest—Grassland .— 2000-4500 lt tf 

Tropical Montane Forest . 3000-4500 tc “ 

Short-tree Forest . 500-3500 “ “ 

Thorn Forest . 0-1000 “ “ 

These major zones of vegetation are not sharply divided, because of the 
interpolated and intergrading tropical element. It is represented by both the 
Short-tree Forest and the Tropical Montane Forest, the latter stratigraph- 
ically equivalent to the oak belt, the presence of one or the other conditioned 
by exposure, soil, and local climate as affected by terrain. The Tropical Mon- 
Cane Forest occupies the equable central elevations wherag the higher pre¬ 
cipitation is retained by good soil and evaporation relatively reduced by the 
cloud layer. It is limited to the canyons, while the dispersed oak formation 
is general over the slopes. On the whole this zonation is remarkable and will 
be analyzed in an early paper. 

Botany Department, University of Michigan 
Ann Arbor, Michigan 
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GLYCERIA PALLIDA AND G. FERNALDII 

Norman C. Fassett 

Glycerin Fernaldii (Hitche.) St. John, based on G. pallida var. Fernaldii 
Hitehc., was first proposed as a species by St. John (Rhodora 19 : 75. 1917), 
and was taken up as a species in the Manual of Grasses of the United States, 
page 94, under the name G. neogaea Steud. Mrs. Chase subsequently showed 
that the type of G. neogaea was G. stricta (Am. Jour. Rot. 84: 33-34. 1937). 

The characters pointed out by St. John were to a large degree concerned 
with size of parts; 0 . Fernaldii was described as having a smaller grain 
then G . pallida, shorter anthers, smaller spikelets with fewer florets, more 
divergent or reflexed branches of the panicle, smaller leaves and lower culms. 
Table 1 shows how four of these characters appear on 19 sheets in the Her¬ 
barium of the University of Wisconsin and the Milwaukee Public Museum. 
In Wisconsin, at least, there appears to be no very clear-cut line between 
leaves 2-8 mm. wide (G. pallida ) and leaves 2-3 mm. wide ( G . Fernaldii ), 
between anthers 1 mm. long {G. palhda) and anthers 0.2-0.5 mm. long (G. 
Fernaldii), between spikelets 4-7-flowered ( G . pallida) and spikelets 3-5- 
flowered (G. Fernaldii ), or between spikelets 6-7 mm. long (<?. pallida) 
and spikelets 4-5 mm. long ( G . Fernaldii). Furthermore, the degree of cor¬ 
relation of wider leaves with larger anthers and spikelets falls far short of 

TABLE 1. Ghjc<ria palhda and var. Fernaldii in Wisconsin 


Locality 

Width of 
widcBt 
leaf 

Length 

anther 

Florets 

per 

spikelet 

Length 

of 

spikelet 

Merrill, Lincoln To. 

8.3 

mm. 

0.6 mm. 

5-7 

5.O-6.0 mm. 

Neopit, Shawano Co. 

Mosmee, Marathon Co. 

5.0 

mm. 

0.8 mm. 

4-5 

4.0-5.0 mm. 

3.0 

mm. 

0.8 mm. 

4-5 

4.0-5.5 mm. 

Ashland, Ashland Co. 

4.0 

mm. 

0.6 mm. 

5—7 

4,5-6.0 mm. 

Laona, Forest Co. 

3.3 

mm. 

1.8 mm. 

3-4 

3.5-5.5 mm. 

Rainbow Rapids, Oneida Co. 

3.5 

mm. 

0.2-0.4 mm. 

3-4 

3.5-4.0 mm. 

Mellen, Ashland Co. 

3.0 

mm. 

0.8 mm. 

3-4 

3.0-5.0 mm. 

Ramadke, Clark Co. 

3.0 

mm. 

0.4 mm. 

4-6 

5.0-5.5 mm. 

Madeline Is., Ashland Co. 

3.0 

mm. 

0.4 mm. 

3-5 

3.0—3.5 mm. 

Price Co. 

3.0 

mm. 

0.4 mm. 

4-6 

4.5-6.0 mm. 

Rainbow Rapids, Oneida Co. 

3.0 

mm. 

0.2 mm. 

3-4 

3,0-3.5 mm. 

Moose River Pam, Douglas Co, 

2.5 

mm. 

0.4 mm, 

4-6 

4.5—5.5 mm, 

Ruraadka, Clark Co. 

2.0 

mm. 

0.4 mm. 

4-6 

4.5-S.5 mm. 

Mather, Juneau Co. 

2.0 

mm. 

0.4 mm. 

3-4 

3.S-4.5 mm. 

Bruce, Rusk Co. 

1.5 

mm. 

0.4 mm. 

3-45 

3.5-5.5 mm. 

Grand View, Bayfield Co. 

1.0 

mm. 

Q.4-0.6 mm. 

3-4 

4.0-4.5 mm. 

Phillips, Price Co. 

Tomahawk, Lincoln Co. 

1,0 

mm. 

0.4 mm. 

3-4 

3.5-4.0 mm. 

1.0 

mm. 

0.4 mm. 

3-4 

3.0-4.0 mm. 

Hayward, Sawyer Co. 

1.0 

mm. 

0,4 mm. 

3-5 

3.5-5.0 mm. 
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TABLE 3- Gtyoeria pallida and van JFernaldii outside of Wisconsin 


Locality 


New Bedford, Massachusetts 
New Bedford, Massachusetts 
New Bedford, Massachusetts 
Harwich, Massachusetts 
Noble Co., Indiana 
Hanover, Massachusetts 
New Bedford, Massachusetts 
Barrington, New Hampshire 
Durham, New Hampshire 
Barrington, New Hampshire 
Newfleld, New Jersey 
Orono, Maine 
Amherst, Nova Beotia 
Hartford, Connecticut 
Temple. New Hampshire 
Belgrade, Maine 
Southport, Maine 
St. Louis Co., Minnesota 
Lake Co., Minnesota 
Golden Lake, Ontario 


Width of 
widest 
leaf 

Length 

of 

anther 

10,0 m 

1.0 mm. 

8.0 mm. 

1*0-1.4 mm. 

8.0 mm. 

1.0 mm. 

7.0 mm. 

0.6 mm. 

5.5 mm. 

1.0 mm. 

5.0 ram. 

0.8 mm* 

4.5 ram. 

1.0-1,2 mm. 

4.5 mm. 

0,8 mm. 

4.5 mm. 

0.6 mm. 

4.0 mm. 

0.8 mm. 

3.5 mm. 

1.2 mm. 

3.0 mm. 

0.6 mm. 

3.0 mm. 

0.4-0.6 mm. 

2.5 mm. 

0.8-1.0 mm. 

2.5 mm. 

0.4 mm. 

2.5 mm. 

0.4 mm. 

2.0 mm. 

0.4 mm. 

2.0 mm. 

0.4 him. 

2.0 mm. 

0.4 ram. 

2.0 mm. 

0.4 mm. 


Florets Length 

per of 

spikelet gpikelet 


5-6 

5.5-6.0 

mm. 

6-7 

6.0-7,0 

mm. 

5-7 

5.5-7*0 

mm. 

6-7 

5,5-6.5 

mm. 

3-4 

3.5-4.5 

mm. 

5-6 

5.0-6.5 

mm. 

3-5 

4.0-5.0 

mm. 

5-6 

4.5-5.5 

mm. 

3-5 

4.5-5.0 

mm. 

4-5 

5.0-5.5 

mm. 

4-5 

5.0-6.0 

mm. 

4-5 

4.5-5.S 

mm. 

5-6 

4.5-5.0 

mm. 

3-5 

4.5-6.0 

mm. 

3-5 

3.5—5.0 

mm. 

2-5 

3.0-5.0 

mm. 

4-5 

3.5-5.0 

mm. 

3-5 

4.0-6.0 

ram. 

5-6 

4.0-6.0 

mm. 

3-4 

3.S-4.5 

mm. 


demonstrating two clearly separable groups. Difference in lengths of 
anthers appears perhaps most definite among the characters listed by Dr. 
St. John, but in the plants of Wisconsin its correlation with Other characters 
is not good. 

From regions outside of Wisconsin, Dr. JSt. John undoubtedly had much 
more material at his disposal than has the present writer, but the characters 
of the 18 sheets tabulated in table 2 show only slightly better correlation 
of width of leaves with length of anthers and size of spikelets; they scarcely 
do fnore than suggest that var. Fernaldii is a smaller phase of O . pallida , 
perhaps recognizable as a northern variety. 

Herbarium of the University of Wisconsin 
Madison, Wisconsin 
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STUDIES IN THE SAPOTACEAE—VI. 
MISCELLANEOUS NOTES 

Arthur Cronqxjist 

My revisions of several American groups of the Sapotaceae, under the 
auspices of the Chicle Development Company, are now concluded. During 
the course of that work various notes on other groups in the family have 
been accumulated. These are here presented, in order to make them avail¬ 
able to future students of the family, and to make certain names available 
for use. An artificial key to the American genera of the family, as I under¬ 
stand them, is followed by notes and comments alphabetically arranged by 
genera. The citations of herbaria are the same as those used in previous 
papers of this series. 

1. Sepals biseriate, mostly 3 plus 3, occasionally 4 plus 4, rarely 2 plus 2; 
corolla-lobes (except in a few species with 3 plus 3 sepals) with evident 
paired dorsal petaloid appendages. MandJcara. 

1. Sepals not biseriate, or, if so, then 2 plus 2 (in Pouterta) ; corolla-lobes 
with lateral appendages (in Dipholis and Bumelia) or exappendiculate. 

2. Btaminodes present. 

3. Stipules present, conspicuous. Chromolucuma . 

3. Stipules wanting. 

4. Corolla thick, fleshy, globose, with valvatc lobes. Sarcaulus . 

4. Corolla not especially thick, the lobes imbricate. 

3. Reed-scar small, basilateral. 

6. Corolla-lobes without lateral lobes; endosperm present. Mastichodendron. 
0. Corolla-lolws with lateral lobes, except in a few species of 
Bumelia. 

7. Endosperm present; ovary nearly always glabrous; un¬ 
armed. Diphahs. 

7. Endosperm wanting; o\arv usually hairy; usually more or 

less spiny. Bumeliu. 

5. Seed-soar long, lateral. 

6. Endosperm present. 

7. Leaves striate, alternate; filaments attached at the corolla- 

throat. Microphohs. 

7. Leaves not striate. 

8. Leaves conspicuously reticulate, alternate; filaments at¬ 
tached at the base of the corolla-tube. Achrouteria . 

8. Leaves with arcuate-ascending primary lateral veins and 
numerous fine reticulate-parallel veins perpendicular to 
the midrib, opposite or subopposite; filaments attached 
at the corolla-throat. Sysygiop$i$* 

6. Endosperm wanting. 

7. Leaves not glaucous; secondary lateral veins ordinarily evi¬ 
dent below; stain inodes generally well developed and 
regular. P&uteria. 
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7. Leave* more or lese glaucous beneath, the secondary lateral 
veins obscure beneath; staminodes irregularly developed. 

species of Oxytheee. 

2. Staminodes absent. 

3. Endosperm present. ChrysophylHm. 

3. Endosperm wanting. 

4. Loeules 2-5, each containing one ovule; seed-scar long, lateral. 

5. Distal portion of the filaments abruptly tenuous, reflexed in 


bud. 


Pradosia. 


5. Distal portion of the filaments similar to the baBal portion, not 
reflexed. 

6. Stipules wanting; leaves usually more or less glaucous be¬ 
neath, the secondary lateral veins obscure beneath. Oxytheee. 

6. Stipules usually present, though often deciduous; secondary 
lateral veins evident and raised beneath; leaves not glaucous, 
generally lurge and clustered at the ends of the twigs. Meelinusa, 
4. Locale 1, by failure of the partition; ovules 2; seed-scar rela¬ 
tively small, basilateral. * Dtploun. 


Diploon Cronquist, gen. nov. 

Tree; leaves alternate, weakly striate; flowers clustered in the axils or 
at recently defoliated nodes; sepals 5; petals 5, joined only at the base; 
stamens 5, epipetalous, opposite the corolla-lobes, the filaments basally much- 
thickened; staminodes none; ovary glabrous, unilocular by failure of the 
partition; ovules 2, basilaterally attached to a cushion-like basal placenta; 
fruit fleshy, single-seeded; seed with orbicular not very large basilateral 
scar; endosperm wanting. 

Arbor foliis alternis tenuiter striatis; flores axillares, sepalis 5, petalis ,5 
ad basim connatis, staminibus 5 epipetalis eorollae lobis oppositis, stami- 
nodiis nullis, ovario glabro uniloculare per septum defectum, ovulis 2; frue- 
tus monospermus semine exalbuminose area derasa moderate parva basi- 
laterali orbiculari. 

A single known species: 

Diploon cuspidatum (Hoehne) Cronquist, comb. nov. 


Chrysophyllum cuspidatum Hoehne, Ostenia 302. pi. 8. 1933. 

An excellent description and plate of this species was provided by 
Hoehne. Careful examination of a number of flowers, including some kindly 
sent to me by Dr. Hoehne from the type tree, shows only vestiges of a pai*- 
tition between the ovules. All other American genera of the family, and 
so far as I am aware all of the old-world genera as well, have as many 
loeules as ovules, aud this feature has generally been considered to be a 
family character of the Sapotaceae. Diploon does not seem allied to any 
other family, however, and in my opinion the failure of the partition is not 
sufficient reason to exclude it from the Sapotaceae. Dr. Robert W. Hess, of 
the Yale University School of Forestry, has kindly examined a specimen 
for ta&, and tells ane that there is nothing in the wood anatomy to preclude 
its being a member of Chrysophyllum. Aside from the structure of the ovary, 
DiploSn differs from all other American Sapotaceae in the combination of 
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estaminodial flowers and relatively small basilateral seed-scar. It further 
differs from Chrysophyllum in the absence of endosperm. The glabrous 
ovary, while unusual in the family, is shared among the American Sapotoceae 
with Mastichodendron and Dipholis, both of which have staminodes and 
albuminous seeds. The conspicuously thickened filaments are not to my 
knowledge matched by any American member of the family, but this char¬ 
acter may be of no more than specific importance. 

The following specimens of Diploon cuspidatum have been examined; 
most of them are sterile. 

Dusen n.n., Tacarahy, Parana, December 12, 1914 (S); DusSn 1SS19, Berra do Prata, 
in silva primaeva, Parana (8) ; Hochnr 28338, Jard. Bot. Sao Paulo (A, F, NY, US, Y); 
Olaeiou 9501, entre Queimado et Bio d ’Ouro, Rio de Janeiro (S) ; Glaziou 9505, near Bio 
de Janeiro (K), 19598, near Rio de Janeiro (NY). 

Mr. C. L. Gilly has kindly pointed out to me that the name Manilkara 
emaryinata (L.) Britt. & Wils. (1926), which I adopted in my treatment 
of the North American species of Manilkara, (Bull. Torrey Club 72 : 550-562. 
1945), is a later homonym of Manilkara emaryinata Lam (1925). The spe¬ 
cies I had in mind properly becomes Manilkara jaimiqui (Wright) Dubard, 
Ann. Col. Inst. Mars. III. 3: 16. 1915. The following new combinations 
are necessary: 

Manilkara jaimiqui (Wright) Dubard subsp. jaimiqui (Wright) Cron- 
quist, comb. nov. Mimusops jaimiqui Wright in Griseb. Cat. PI. Cub. 64. 
1866. 

Manilkara jaimiqui (Wright) Dubard subsp. emarginata (L.) Cron- 
quist. comb. nov. Sloanea emaryinata L. Sp. PI. 512. 1753. 

Manilkara jaimiqui (Wright) Dubard subsp. wrightiana (Pierre) 
Cronquist, comb. nov. Mimusops wriylitiana Pierre, Symb. Ant. 6: 171. 
1904. 

Manilkara jaimiqui (Wright) Dubard subsp. haitensis (Cronquist) 
Cronquist, comb. nov. Manilkara emaryinata subsp. haitensis Cronquist, 
Bull Torrey Club 72 : 558. 1945. 

In my treatment of the North American ISapotaceae (Lloydia, in press), 
I included the single species of Oxythece in Pouteria, following Eyma’s 
reasoning that the presence of irregularly developed staminodes in some 
species (including the North American one) invalidated the distinction 
between the two genera. I now feel that, although the technical character 
does break down, Oxythece is better treated as a distinct genus. It appar¬ 
ently forms a natural, readily recognizable group, not too difficult of defini¬ 
tion, and may be nearly as closely related to Pradosia as to Pouteria. 

Oxythece pallida (Gaertn. f.) Cronquist, comb. nov. 

Lucuma pallida Gaertn. f. Fruet. 3: 130. pi. 204. 1807. 

Oxythece hahnianum Pierre ex Dues. Anu. Inst. Col. Mars. 3: 387. 1897. 

Oxythece fabrilis Pierre, Symb. Ant. 6: 100.1904. 

Povteria pallida Baehni, Casdollea 9: 352. 1942. 
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It is interesting to note that Baehni is so impressed by the importance 
of the development of staminodes, as opposed to endosperm, as the distinc¬ 
tion between Pouteria and Chrysophyllum (in his greatly extended defini¬ 
tion of each) that he dismembers this species and refers the estaminodial 
extreme (Oxythece fabrilis) to “Chrysophyllum sp.” 

Oxythece schomburgkianum (Miq.) Cronquist, comb. nov. 

Myrxme sehomburgkiana Miq. in Mart. FI. Bras. 10: 315.1856. 

Chrysophyllum oleaefolium Spruce ex Miq. in Mart. FI. Bras. 7: 101. 1863. 

This species has the leaves merely glabrous rather than glaucous beneath, 
with the secondary lateral veins a little more evident than is usual for the 
group, but is otherwise very similar to Oxythece, and does not seem to 
belong auywbere else. Short of reviving the ill-defined monotypic segregate 
Elaeoluma for it, the species must be referred to Oxythece. 

Oxythece ferreirii Cronquist, sp. nov. Twigs coarse, glabrous; leaves 
opposite or offset, glabrous, the blade elliptic, blunt, 8-15 cm. long, 4-6.5 
cm. wide, the petioles stout, about 1-3.7 cm. long; primary lateral veins 
arcuate, impressed above, slightly impressed and loosely reticulate beneath; 
secondary lateral veins obscure above, slightly impressed and loosely reticu¬ 
late beneath; flowers clustered in the axils, the pedicels glabrous, about 4-5 
mm. long; sepals glabrous, rounded, elliptic or ovate, about 3.5-6 mm. long; 
corolla glabrous, about 4-6 mm. long, the tube very short; staminodes none; 
filaments straight, attached at the level of the sinuses; anthers about 2 mm. 
long; ovary closely appressed-hairy, 3-1 ocular; style glabrous, 2 mm. long; 
fruit unknown. 

Arbor, ramulis crassis glabris, foliis glabris ellipticis obtusis 8-15 cm 
longis 4-6.5 cm. latis, petiolo 1-1.7 cm. longo, venis primariis arcuatis supra 
impressis infra vix elevatis, venulis supra obscuris infra tenuiter impressis 
laxe reticulatis; flores axillares pediecllis glabris 4-5 mm. longis, sepalis 
glabris 3.5-6 mm. longis, corolla glabra 4-6 mm. longa tubo brevissimo, 
staminodiis nullis, filamentis fauce affixis antheris-2 mm. longis, ovario 
3-loeulare, stylo glabro 2 mm. longo; frnetus ignotUR. 

Type: Ferreira 516, Brazil (K). 

Additional specimen: Peru: Loreto: Williams 3669, Iquitos (P). 

This species is obviously related to 0. schombvrgkurnurn, but differs in 
its broader leaves, longer petioles, and slightly larger flowers. 

Pouteria subsessilifolia Cronquist, sp. nov. Shrub about 3 m. high, 
with thick scanty latex; young twigs rather coarse, finely and rather loosely 
hairy; leaves firm, elliptic-oblong, obtuse or rounded at the apex, rounded 
or subcordate at the base, about 3.5-6.5 cm. long and 16-37 mm. wide, 
pubescent on both sides with short-stalked two-forked rufous hairs, soon 
becoming glabrous above, only in age if at all glabrate below, but the hairs 
eventually fading; primary lateral veins about 10-18 pair, not very promi¬ 
nent ; secondary lateral veins obscure; petioles short and stout, about 2-4 
nun. long; flowers about 5-15 in axillary clusters which may develop an 
axis as much as 15 mm. long; pedicels rufous-hairy, about 6-9 mm. long; 
sepals 5, hairy like the pedicels, about 1.8-3.5 mm. long; corolla about 3.2- 
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3.8 mm. long, sometimes scarcely exceeding the sepals, the 5 lobes rounded, 
slightly auriculate, a little longer than the tube; filaments short, attached 
about at the level of the sinuses; anthers introrse, 1.0-1.3 mm. long; stami- 
nodes irregularly developed, about 0.2-0.6 mm. long, or some of them appar¬ 
ently wanting; ovary 2-locular. with laterally attached ovules; style gla¬ 
brous, about 1.5 mm. long; fruit unknown. 

Frutex .3 in. alta, foliis elliptico-oblongis subsessilibus basi rotundatis vel 
subcordatis, 3.S-6.5 cm. longis 16-37 mm. latis, utrinque molliter pubescen- 
tibus supra glabratis, venis primariis ca. 10-18-jugis vix prominentibus, 
venulis seeondariis obscuris; flores axillares 6-9 mm. longe pedicellati, 
sepalibus 5 rufo-pubescentibtts 1.8-3.5 mm. longis, corolla ca. 3.2-3.8 mm. 
longa 5-lobata lobis tubi paullo superantibus, filamentis brevibus fauce 
aflfixis, antheris introrsis, staminodiis irregulariter produetis ca. 0.2-0.6 
mm. longis, oyario 2-loeulare stylo glabro 1.5 mm. longo; fructus ignotus. 

Type; Froes 1023, Andarahy, Serra do Comelio. basin of River Para- 
guassu, Bahia, Brazil, October 13, 1942 (A); isotvpe in herb. B. A. Krukoff. 

Local name: Massaranduba. 

The affinities of this species are uncertain. Its 5-merous flowers and 
2-celled ovary exclude it from any of the sections as defined by Baehni. In 
his artificial key to the species it becomes lost among several strictly old- 
world species which are referred by other authors to Planchonella. Since sev¬ 
eral species of Pouteria are known to have both 4-merous and 5-merous flow¬ 
ers, and there is a group of species with 4-merous flowers and 2-celled ovaries, 
its affinities may well lie with these, the section Diseoluma as defined by 
Baehni. It is interesting to note that several of the species included by 
Baehni in this section, which he clearly defines on page 219 of his treatment 
to include only species with 4-merous flowers, are described by him as hav¬ 
ing 5 sepals and 5 corolla-lobes. Within this section, the broadly rounded to 
subcordate bases of the subsessile leaves distinguish P. subsessihfolia, and 
further vegetative and floral difference are seen when it is comuared with 
any one of the species. 

Pouteria trilocularis Cronquist, sp. now Tree about 25 in. high, but¬ 
tressed at the base, with thick scanty latex; young twigs closely and ob¬ 
scurely sericeous, soon glabrate; leaves rather narrowly elliptic-obovate or 
merely elliptic, acuminate to occasionally rounded or obtuse at the apex, 
narrowed to the base, about 10-28 cm. long and 3-11 cm. wide, glabrous; 
primary lateral veins about 7-12 pair; secondary lateral veins tending to 
become perpendicular to the primary ones, toward the margin, but irregular 
and not much more prominent than the conspicuous and not very fine reticu¬ 
lum; petioles about 1-2.5 cm. long; flowers fairly numerous in axillary 
clusters or at recently defoliated nodes, the pedicels sericeous, about 4-8 
mm. long; sepals 5, sericeous, firm, ovate or deltoid-ovate, acute or acuminate, 
about 3.4-4.0 mm. long; corolla firm, glabrous, tubular, scarcely exceeding 
the sepals, about 3.6-4.7 mm. long, the lobes about as long as the tube; 
filaments short and thick, only about 0.5 mm. long, inflexed, attached at or 
near the level of the sinuses, often without anthers; anthers about 0.7-1.2 
mm. long; staminodes glabrous, inflexed, ovate, acuminate, about 0.8-11 
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am. long; ovary depressed, almost diseiform, closely hairy, obscurely about 
4 iebed, 3-locular; style glabrous, nearly 2 mm. long; stigma-lobes 3j young 
fruits show enlargement of one locule at the expense of the others, with seeds 
attached along a narrow line for their whole length, indicating that the 
mature fruit will probably be 1-seeded, and the seed have a long linear scar; 
mature fruit not seen, but reputedly 3 cm. thick, yellow, and edible. 

Arbor 25 m. alta, ramulis juventutis obscure sericeis mox glabratis, foliis 
glabris ellipticis vel saepius elliptico-obovatis ca. 10-28 cm. longis 3-11 cm. 
latis, venis primariis 7-12-jugis, petiolis ca. 1-2.5 cm. longis; flores fascicn- 
lati pedicellis 4-8 nun. longis, sepalibus sericeis aeutis 3.4-4.0 mm. longis, 
corolla glabra S.6-4.7 mm. longa, lobis tubo subaequalibus, filamentis crassis 
0.5 mm. longis fauce affixis saepe anantheris, antheris 0.7-1.2 mm. longis, 
Staminodiis inflexis acuminatis 0.8-1.1 mm. longis, ovario depresso 3-loenlare, 
stylo glabro vix 2 mm. longo; fruetus edulis aureus 3 cm. orassus traditum 
est. 

Type: A. Moysey Adams 2070 /to 11, terra firma, Macapa, Baco de Acre, 
basin of Rio Purus, Acre Territory, Brazil, April 26, 1944 (NY). 

Local name: Abiurana. 

Three other collections, all in youug fruit, are known from Acre Terri¬ 
tory, near the mouth of the Rio Macauhan. a tributary of the Rio Yaco, in 
the basin of the Rio Purus. These are Krukoff 5283, 5338, and 5531. They 
were distributed as Sideroxylon bolwianum, which is a synonym of Chryso- 
phyllum gonoearpum. 

This species is related to P. mflexa (A 0. Smith) Baehni, from north¬ 
western Matto Grosso, and P. obscura (Huber) Baehni, from 1000 miles 
away in Para. It agrees with both of these in its 5-merous flowers, corolla- 
lobes about as long as the tube, filaments attached at the corolla-throat, and 
trilocular ovary. The three species may be distinguished by the following 
key: 

1. Ovary ovoid or subglobose, its stylo about 4 mm. long; staminodes erect; 
filaments about as long as the anthers; leaves rufous tomentose along 
the midrib beneath; sepals and young twigs rufous-tomentulose; pedi¬ 
cels about 2-3 mm. long; Para* P. obscura. 

1. Ovary depressed, its style about 2 mm. long or loss; staminodes indexed; 
filaments distinctly shorter than the anthers, only about 0.5 mm. long; 
leaves glabrous; sepals and young twigs merely sericeous; pedicels 4-40 
mm. long; Acre Territory and northwestern Matto Grosso. 

2* Corolla glabrous; pedicels about 4-8 mm. long; flowers more than 5 in 
a cluster; staminodes acuminate; leaves about 10-28 cm. long, on 
petioles 1-2.5 cm. long. P. IrUocniart ». 

2. Corolla sericeous; pedicels about 25-40 mm. long; flowers about 2-5 
in a cluster; staminodes obtuse; leaves about 8-12 cm. long, on peti¬ 
oles 7-12 mm. long. p. in flew. 

Pradosia mutisii Cronquist, sp. nov. Similar to P. glycyphloea , of 
southeastern Brazil, in its small (up to 12.5x5 cm.), alternate leaves with 
long (1-3 cm.) slender petioles, and in its small subsessile flowers; differing 
in the more numerous primary lateral veins of the leaves (about 15-25 pair), 
in the evident close reticulum of the secondary veins, in the glabrous sepals, 
and in the short conic style only about 0.5 mm. long; fruit unknown. 
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A P. glycyphloeae differt venis numerosioribus (15-25-jugis), vewulis 
dense et perspicue reticulatis, sepalis glabris, stylo brevi ca. 0.5 mut longo. 

Type : M%tis 4004, Colombia (US). There are three other sheets at US, 
bearing the numbers 192, 1020 , and 2324, but on each of these has been 
penciled * 4004, and all four sheets look enough alike to have come from the 
same collection. 

Syzygiopsis sericea Cronquist, sp. nov. Tree 10-15 m. tall, with an 
irregular crown; leaves opposite or slightly offset, elliptic, 5-11.5 cm. long, 
2.5-5.S cm, wide, obtuse or with a short blunt acumen, glabrous and shining 
above, rufous-sericeous beneath, giabrate or subglabrate in age; primary 
lateral veins about 6-8 pair, arcuate, strongly ascending, sharply raised be¬ 
neath ; secondary lateral veins numerous, fine, parallel, nearly perpendicular 
to the midrib, hidden beneath the pubescence; petioles flattened, about 6-10 
mm. long; flowers small, the persistent reniform sepals less than 2 mm. long; 
fruit ellipsoid-globose, bitter, about 2 cm. long; seed solitary, compressed, 
with a long narrow lateral scar; endosperm present; embryo with thin coty¬ 
ledons and well-developed caudide. 

Arbor 10-15 m. alta, foliis oppositis vel suboppositis elliptieis 5-11.5 cm. 
longis 2,5-5.5 cm. latis obtusis vel obtuse breviterque aeuminatis supra 
glaibris infra rufo-sericeis in extremis plus minusve giabratis, venis lat- 
efcalibus primariis arcuato-aseendentibus 6-8-jugis, venulis numerosis tenuis- 
simis reticulato-paralleiis ad costam perpendicularibus, petiolis 6-10 mm. 
longis; flores parvi sepalis vix 2 mm. longis; fructus ellipsoideo-globosus 
2 cm longus; semen solitarium area derasa lineari laterali albumine 
recondito. 

Type: Llewelyn Williams 15071, San Antonio, Rio Orinoco, Venezuela, 
121 meters, April 27, 1942 (US). 

In the absence of flowers, the generic position of this species cannot be 
determined with absolute certainty, but the leaf-venation (especially the 
numerous fine parallel secondary veins extending at right angles to the 
midrib) is so similar to that of Syzygiopsis appositifolia that I am convinced 
the two are congeneric. Syzygiopsis is the only endospermous American 
genus of the family known to have opposite leaves, but too much stress 
should not be placed on this feature, since several non-endospermous genera 
must perforce include both opposite-leaved and alternate-leaved plants. 

Syzygiopsis sericea differs from S. oppositifolia in its shorter, broader, 
blunter leaves, that have fewer primary lateral veins and are conspicuously 
sericeous beneath, the leaves of S. oppositifolia being glabrous. 

The New- York Botanical Garden 
New York 
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Minutes of the Special Meeting of January 8, 1946. The special meeting of the 
Torrey Botanical Club on Tuesday, January 8, 1946, marking the closing of the Fiftieth 
Anniversary celebration of the founding of The New York Botanical Garden began with 
a luneheon at 1:00 p.m. in the Member’s Boom of the The New York Botanical Garden 
with 60 people present. After a delightful luncheon and social hour, the scientific program 
was opened at 2:00 p.m. by President Beaver. Seventy-five people' attended this. Or. 
Bobbins, Director of The New York Botanical Garden, spoke a few words about the 
history and relationship of the two organizations. r 

The following addresses were presented: 

Professor Lauren C. Petry — i * The Place of Botany in General Education . 91 

General education has been defined as “ education for an informed responsible 
life in our society . 9 9 The teaching of the sciences in the colleges and universities 
has been more effective in informing students than it has been in increasing their 
awareness of their responsibilities or their tendency to act in accordance with them. 4 
It is proposed to organize the subject-matter of botany courses on the basis of the 
fundamental concepts and generalizations of tlie science, and to adopt teaching 
methods designed to develop In students habits of analysis, criticism, theory formu¬ 
lation, verification, and generalization. It is further proposed that teachers of 
science at the college level should discuss is detail the practical social, economic, 
and political problems which science is creating and should indicate the methods to 
be employed in seeking solutions. 

Professpr Jacob B. Schramm—“ The Object of a Course in Botany for College Students.” 

Professor Edmund W. Sinnott —‘ ‘ Botany in the Next Half Century. ’ 9 

At a time when we celebrate the close of half a century for an institution like 
The New York Botanical Garden, it is perhaps worth while to look ahead to the 
next few decades and try to see the development which Imtanical science may be 
expected to undergo in the future. 

The great advances in the physical sciences will certainly have their repercus 
sions in botany. New’ techniques—“tagged” atoms, radiations of many sorts, the 
electron microscope and others—will make it possible to attack problems which were 
heretofore insoluble. Among these are the physical and chemical structure of living 
substance, about which we i#ay expect to learn a great deal in the future. The ac¬ 
tivities that go on iu living systems can also be analyzed far more fully than liefore. 
The advances in biochemistry, particularly, will make it possible to follow in more 
complete detail the various stages in such metabolic reactions as are concerned in 
respiration and photosynthesis. Growth and development will l>e an active spot. 
The general problems of morphogenesis—*the controlled development of living 
things—which is perhaps the central and ultimate problem of biology may be ex¬ 
pected to yield at least in part to new methods of attack. Evolution, the problems 
of which were thought to be largely solved a generation ago, will certainly be ac¬ 
tively studied in the future with the techniques of genetics and cytology. Taxonomy 
is* already being revitalised by such research. The problems of the past history of 
the plant kingdom 4 are by no means solved and much remains to be done here. 
Indeed, the plant population of the earth is only imperfectly known even today and 
we may expect much from a fuller exploration of all parts of the world. 

Many new practical applications will result from this advanced knowledge in 
the plant sciences. In agriculture the continued application of knowledge of 
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genetics will undoubtedly produce improved types of plants and better control 
of disease. The tremendous increase in our chemical knowledge by which so many 
products heretofore made only by plants can now be synthesised will have its effect 
upon agriculture. However, even with these advances in chemistry the fundamental 
syntheses of carbohydrates and amino adds are still made only by plants. It may 
well be that in the future agricultural crops will be grown primarily for total 
carbohydrate or protein yield rather than for specific products. The development of 
tropical agriculture should be important in this connection. The sea produces an 
enormous amount of plant material, only a tiny fraction of which is now utilised* 

Despite the development of atomic power much of the energy needed by our 
industrial civilisation will still come from plant products. As coal and petroleum 
become scarcer, we shall have to depend on photosynthesis by living plants for this 
purpose. Techniques are already known by which much of the photosynthetic ac¬ 
tivity of the globe can be used for the production of fuel. 

In medicine the discovery of penicillin shows how important plant syntheses 
can be for the healing of disease. Many new antibiotics are now being developed 
from the lower plants and botany is aghin assuming its ancient role as a source of 
medicinal materials. 

Predicitiou is rash and many unexpected events may change the future of our 
science, but the next fifty years will certainly be a time of adventure and excite¬ 
ment foT botanists of every sort. 

After discussion of these papers, the group was adjourned at 3:45 p.m. 

Respectfully submitted, 

Frances E. Wynne, 
Recording Secretary 

Minutes of the Annual Meeting of January 8, 1946. The annual dinner meeting 
was held on the evening of January 8th at the Men’s Faculty Club of Columbia Uni¬ 
versity. There were 94 members and friends present. The business meeting was called to 
order by the retiring president, Dr. Beaver, at 7:30 p.m. The minutes were approved as 
read. 

Two persons were elected to membership in the club. 

The following officers and chairmen of standing committees made reports: 

Dr. Simpson, Corresponding Secretary 

Dr. Wynne, Recording Secretary 

Dr. Fulling, Treasurer 

Dr. Rickett, Editor 

Dr. Clum, Editor of Torreya 

Dr, Small, Chairman of the Field Committee 

Dr. Karlin g, Historian 

Dr. Dodge, Delegate to the X. T. Academy of Sciences . 

Dr. Robbins spoke a few words on the relationship between the New York Botanical 
Garden and the Torrey Botanical Gub and the club’s part in founding the Garden. 

Dr. Beaver then introduced the guest speaker of the evening* Dr. Joseph Brandt, 
President of Henry Holt k Co., who gave a very interesting and stimulating paper, 
“Science Writing and Polities.” 

Dr. Beaver then announced the election of officers as follows: 

President —Dr. P. W, Zimmerman 
1st Vice President —Dr. John A. Small 
Snd Vice President— Dr. Henry K. Svenson 
Corresponding Secretary —Dr. Jennie L. 8. Simpson 
Recording Secretary —Dr, Frances E. Wynne 
Treasurer—Dt, E. H. Fulling 
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E<R*or~rDr. Harold W. R&kett 
Re&Ho0rapfccr-*~Mrs. Lazella Schwarten 
Business Manager —Dr. Ann© Hanson 
Delegate to the Council 

of the N> F. Acad . 0/ Sciences —Dr. Bernard 0* Dodge 

Members of the Council 

Dr. George S. Avery 
Dr. W. H. Camp 
Dr. Arthur H. Graves 
Dr. George H. Shull 

Representative on the Council of A.A.A.S. 

Dr. George S. Avery 
Dr. Miehael Levine 

a 

Representative on the Board of Managers of the 
New York Botanical Garden 

Dr. Henry A. Gleason 

Dr. Hurling moved that the officers elected by vote be approved. The motion was seconded 
and passed. ' 

The meeting was then turned over to the incoming president. Dr. Zimmerman, who 
spoke a few words of greeting to the club. 

The meeting was adjourned at 8:30 p.m. to permit informal discussion and conver¬ 
sation with friends. 

Respectfully submitted, 

Frances E. Wynne, 
Recording Secretary 

Minutes of the Meeting of January 16, 1646. The regular meeting of the Torrey 
Botanical Club was called to order by President P. W. Zimmerman at The New York 
Botanical Garden with 35 members and friends present. Minutes of the annual meeting 
and announcements of new officers were read and approved. 

The resignation of Dr. Frances E. Wynne as Recording Secretary was accepted, and 
Dr. E. E. Naylor nominated and elected as acting Recording Hecretary. 

President Zimmerman named three meral>ers to function as a committee for the 
Cumulative Index of the Bulletin as follows: Dr. Beaver, Chairman, Dr. Rickett, and l)r. 
Hurling. 

It was moved and seconded that reprints of the section of the Bulletin f formerly 
Torreya, be sent to associate Members for a period of one year at a total cost to the club 
of not more than 3100. 

President Zimmerman asked for suggestions for a suitable chairman of the Field 
Committee to replace Dr. Small. Some discussion followed. Mr. R. Platt and Dr. Branson 
were suggested, but no action was taken. 

The scientific portion of the program consisted of a very interesting and informal 
talk by Dr. W. H. Camp on 1 * Plant Hunting in Ecuador . 9 9 

The meeting was adjourned at 4: 30 p.m. for tea and general discussion. 

Respectfully submitted, 

Frances E. Wynne, 
Recording Secretary 

Minutes of the Meeting of February 5, 1946. The regular meeting of the Torrey 
Botanical Club was called to order by President Zimmerman at 8:15 p.m. at Columbia 
University. Minutes of the meeting of January 16th were approved as read. 
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President Zimmerman announced that Mr. Ajello of Columbia University had been 
suggested as a candidate for the office of Recording Secretary for the Club. Mr. Ajello 
was nominated and elected without discussion. 

Two new members, already passed at the Council meeting were elected to associate 
membership. 

The only other business was the appointment by the President of Dr. Cornelia L. 
Carey and Miss Honor M. Hollinghurst to dll vacancies in the council. 

The scientific program of the evening was a paper presented by Dr. Qeorge M. Hock¬ 
ing on “The Pharmaceutical Botany of Peppermint. * * The speaker’s abstract follows: 

First, pharmaceutical botany (or medical botany) was defined as paralleling 
in a general way the various fields of general botany, but the plants studied are of 
medicinal interest: the chief emphasis being put of course on practical aspects, 
as far as this is possible. Discussion then followed on the importance of Pepper¬ 
mint, as reflected in its wide usage, cultivation and inclusion in pharmacopoeias. 

Its nomenclature Was briefly discussed, together with what is known of its hybrid 
origin, discovery and spread from England to the Continent and then to America. 
Areas of cultivation in this country, mode of propagation and tillage, methods of 
harvesting and distillation were considered. 

The reputedly largest mint farm at Mentha, Michigan, was briefly described. 

The importance of the volatile oil and its chief component, menthol, were discussed. 

JTbe uses of the plant were illustrated and its importance technically as well as in 
foods, medicines and masticatories was indicated. All parts of the plant are used, 
even the spent herb coming from the still. 

Three useful means of identification of the leaf (etc.) by histological methods 
were detailed: (a) leaf vein islet counts, (b) trichome characteristics, and (c) 
palisade cell ratios. Of these, the first and second are frequently adequate in fixing 
identity of a powdered leaf material, whereas the third method is used mainly for 
confirmation. 

The author has carried out determinations for various species of Mentha with 
both leaf \ein islet counts and palisade ratios. In this work, he found that the 
value of vein islet counts for plants growing outside during the summer months 
showed a high degree of correlation within the species, but that leaves developed 
in the winter (in greenhouse) showed lower values in plants from identical stocks. 

Triehomes of mechanical type are of considerable help in identification of 
species, as was illustrated, whereas glandular hairs are considered of very little 
value on account of the similarity of these structures in various sjiecies of Mentha 
and indeed throughout most Labiates. 

Twenty-six members were present. The meeting adjourned at 9:35 p.m. for tea 
served by members of the Botany Department of Columbia University. 

Respectfully submitted, 

E. E. Naylor, 

Acting Recorrftnp Secretary 

Minutes of the Meeting of February 20, 1946. The regular meeting of the Torrey 
Botanical Club was called to order by President Zimmerman at 3:30 pjn. at The New 
York Botanical Garden. Twenty-five members were present. Minutes of the meeting of 
February 5th were approved as read. 

There was no new or old business to transact and accordingly the meeting was turned 
over to Dr. Fredda D. Reed, who presented a talk on “ Carboniferous Plants and Some 
Problems of Evolution. * 9 

The meeting adjourned at 4:45 p.ra. for tea served by members of The New York 
Botanical Garden. 

Respectfully submitted, 

Libero Ajello, 

Recording Secretary 



476 


BtJU&m OF THE TORREY CLUB 


{Yar* 75 


Minute of the Meeting Of March fi, 1946. The regular meeting of the Torrey 
Botanical Club me called to order by Dr. Zimmerman at Hunter College at 8:15 p.m. 
with 150 members and guests present. 

The minutes of the meeting of February 20th were approved as read. 

The recording secretary read the following motion which was approved unanimously: 
“That the Club go on record as favoring an arrangement with the Society of American 
Plant Taxonomists to furnish this Society at cost price reprints of the ‘Index to Ameri¬ 
can Botanical Literature’ from the Bulletin for distribution to the members of the 
Society in place of the * Taxonomic Index. 11 ’ 

Hr. J» 8. Earling presented a report on the Biological Institute which is to be or¬ 
ganised at the coming St Louis meetings. This institute will fill the need for a close-knit 
biological organisation which will be able to represent biologists in national and other 
affairs. 

There was no further business, and so the meeting was turned over to Mr. Rutherford 
Platt who presented a most stimulating lecture on “Art Forma in Nature” illustrated 
with excellent kodachromes. 

The meeting adjourned at 9:20 p/m. and tea was served by the Hunter Faculty. 

Respectfully submitted, 

JUbero A.tello, 

Recording Secretary 


Minutes of the Meeting of March 20, 1946. The regular meeting of the Torrey 
Botanieal Club was called to order by Dr. Zimmerman at Fordham University at 4:00 p.m. 
with 57 members and guests present. 

The minutes of the March 5th meeting were approved as read. 

Dr. Simpson announced that there is to be an additional meeting of the Torrey Bo 
tanical Club ou the evening of Monday, April 15th, at Columbia University. Dr. J. Van 
Overbeek will address the Society at that time. 

There was no further business and the meeting was turned over to Dr. C. A. Berger 
who presented a paper on “Naturally Occurring Tetraploidy in the Development of 
AUium.” The speaker’s abstract follows: 


Polyploid mitotic divisions were found to occur iu the large cortex cells of the 
cotyledon of all young seedlings of Allium cepa. They were very abundant in seed¬ 
lings approximately 15 mm. long, where they were found throughout the cotyledon. 
In seedlings about 20 mm. long these divisions were concentrated at the base of the 
cotyledon. In seedlings longer than 20 mm. polyploid divisions were very scarce. 

In the long resting stage preceding the division, a double reduplication of the 
chromosomes takes place. As a result from earliest prophase to metaphase the chro¬ 
mosomes consist of four chromatids held together by a single undivided spindle 
attachment region {tetra-chromosomes). At metaphase two successive divisions of 
the spindle attachment region occur. After the first division the tetraploid number 
of metaphase chromosomes can be counted and the chromosomes are arranged in 
pairs. The second division of the spindle attachment region results in the separa¬ 
tion of chromatids, which then undergo normal anaphase movement. Two tetraploid 
cells result These polyploid cells apparently undergo only one mitotic division, since 
onl^ metaphases with paired chromosomes were found. 

This is one of the few cases in which the role of polyploidy in normal develop 
ment is shown by the direct evidence of polyploid mitotic divisions. 


The meeting adjourned at 5:00 p.m. 

Tea and coffee were served prior to the meeting by members of the Fordham 
Faculty, 


Respectfully submitted, 

Lisero Ajrllo, 

Recording Secretary 
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Minutes of the Hooting of April 2, 1946. The regular evening meeting of the 
Torrey Botanical Club was called to order by Dr. Zimmerman at Columbia University at 
8:30 p.m. with 26 members and guests present. 

The minutes of the March 20th meeting were approved as read. 

Dr. Zimmerman announced that Dr. J. Van Overbeek is to address the club at a 
special meeting at Columbia University on April 15th. 

The speaker of the evening, Dr. Bobbins, was not able to attend and the meeting was 
turned over to Dr. Karling and Dr. Zimmerman who informally discussed the meetings 
of the A.A.A.S. held recently in St. Louis. 

The meeting adjourned at 9:15 p.m. Tea and cakes were served by members of the 
Columbia Faculty. 

Bespectfully submitted, 

Libeeo Ajello, 

Mecording Secretary 

Minutes of the Special Hooting of April 16, 1946. The special meeting of the 
Torrey Botanical Club was called to order by Dr. J. A. Small at 8:15 p.m. at Columbia 
University with 34 members and guests present. 

The reading of the minutes of the previous meeting was omitted and Dr. Small in¬ 
troduced the speaker of the evening, Dr. J. van Overbeek, head of the Department of 
Plant Physiology of the Institute of Tropical Agriculture, Mayagiiez, Puerto Rico. The 
speaker*8 abstract follows. This was prepared by Dr. Marie E. Conklin at the speaker’s 
request. 

Emphasizing that the plant research program at Mayagiiez is being directed 
toward solving problems of both a purely scientific and a practical nature, Dr. van 
Overbeek proceeded to cite examples from each of these categories of research which 
is currently in progress at the Institute. Investigation of both chemical and bio¬ 
logical aspects of the relation of hormones to the growth, rooting, flowering and 
fruiting of tropical plants and the application of the results of these investigations 
to tropical agricultural has been the main objective of this research group. 

Fundamental research on the physiological function of leaves in the process of 
loot formation has been conducted on cuttings of Hibutcns and other plants. It 
was found that cuttings, from which leaves had been removed, rarely rooted, even 
with the addition of indole butyric acid. A combination of indole butyric acid and 
nitrogenous compounds such as ammonium sulphate or arginine in the presence of 
sucrose, produced excellent root formation comparable to that of the cuttings with 
leaves attached and indole butyric acid added. These data clarified the relation of 
hormones and plant nutrients in the process of root formation. Cuttings of Cacao 
and Hevca , which are extremely difficult to root, were made to root by applying the 
method of submerging in water immediately after cutting to avoid plugging the 
vascular system with the plant ’b mucoid exudate. 

Pineapples, it was found, could lie stimulated to bear flower and fruit, if 
treated with 0.001% naphthalene acetic acid (or 2-4D), applied to the center of 
the plant. The exact weight and size of fruit can be predicted, for there is a definite 
correlation between the number of leaves on the plant at the time of treatment, 
and the resulting fruit. By using far treatment a variety of pineapple which under 
natural conditions flowers with difficulty, complete crop control is possible. Thus 
for a coat of one dollar, over 50 acres of pineapples can be treated, and both the 
time of harvest and the size of the fruit are controlled. The possibility of hormonal 
control of flowering in other plants is under investigation* 

Use of hormones, or hormone analogs for weed control, particularly in the 
sugar cane fields, is proving very successf ul in Puerto Rico. Hand hoeing of sugar 
cane fields has been the usual procedure, at a cost of about $40.00 per acre. By 
spraying with 0.05 to 0,1% 2-4D, Commelina, Cyperus y and other weeds are effec¬ 
tively destroyed without damage to the eane, at a cost of $4.00 or less per acre. 
Weed eradication in cane fields is very important to insure maximum yield of 
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sugar by permitting cuttings dose to the ground. Ipomoea can also be successfully 
controlled in ibis way in coffee plantations, where it smothers the trees. 

Following his presentation of scientific data, Dr. van Overbeek showed a series 
of beautiful kodacbrome slides from the large collection he has made while in the 
tropics. They were of unusual interest because they showed the natural beauty of 
Puerto Eico, while serving to illustrate the experimental work which is being con¬ 
ducted on the native economic crops of sugar cane, pineapple, coffee, vanilla and 
mango. 

The meeting adjourned at 9:15 p.m. 

Tea and cakes were served by members of the Columbia faculty. 

Bespectfully submitted, 

Libero Ajello, 

Uncording Secretary 

Minutes of the Meeting of April 17, 1946. The regular afternoon meeting of the 
Torrey Botanical Club was called to order by Dr. Zimmerman at the American Museum 
of Natural History at 3:45 p.m. with 9 members and guests present. 

The minutes of the April 2nd meeting were approved as read. 

Dr. Zimmerman noted that the change in location of the day meeting was an 
attempt to improve afternoon attendance by selecting a more centrally located meeting 
place. 

There was no further business and the meeting was turned over to Dr. Svenson who 
spoke on the “Relation of the Galapagos Flora to That of the South American Main 
land. ’ 9 

The meeting adjourned at 5:00 p.m. 

Respectfully submitted, 

Libero Ajello, 

Recording Secretary 

Minutes of the Meeting of May 1, 1946. The regular evening meeting of the Torrey 
Botanical Club was colled to order by Dr. Zimmerman at Columbia University at 8:00 
p.m. with 37 members and guests present. 

The minutes of the April 17th meeting were approved as read. 

There was no business to transact and the meeting was turned over to Dr. W. J. 
Robbins, who spoke on some of his recent research on Phycompces Blakeaheanus and some 
of the Dermatophytes. 

The meeting adjourned at 9:30 p.m. Tea and cakes were sened by members of thei 
Columbia faculty. 

Respectfully submitted, 

Libero Ajello, 

Recording Secretary 

News Notes 

Books and Scientific Periodicals Needed. During the war, the libraries of half the 
world were destroyed in the fires of battle and in the fires of hate and fanaticism. Where 
they were spared physical damage, they were impoverished by isolation. There is an 
urgent need—now—for the printed materials which are basic to the reconstruction of 
devastated areas and which can help to remove the intellectual blackout of Europe and 
the Orient. 

There is need for a pooling of resources, for coordinated action, in order that the 
devastated libraries of the world may be restocked as far as possible with needed American 
publications. The American Book Center for War Devastated Libraries, Inc. has come 
into being to meet this need. It is collecting and shipping abroad scholarly books and 
periodicals which will be useful in research and necessary in the physical, economic, 
social and industrial rehabilitation and reconstruction of Europe and the Far East. 
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Since shipping facilities are precious and demand that all materials be carefully selected, 
emphasis is placed upon publications issued during the past decade, upon scholarly books 
which are important contributions to their fields, upon periodicals (even incomplete 
volumes) of significance, upon fiction and non-fiction of distinction, A11 subjects—history, 
the social sciences, music, fine arts, literature, and especially the sciences and technologies 
-—are wanted. 

The following materials are not needed: textbooks, outdated monographs, recreational 
reading, books for children and young people, light fiction, materials of purely local 
interest, popular magazines such as Time, Life , National Geographic , etc., popular non¬ 
fiction of little enduring significance such as Gunther’s Inside Europe , Haliburton’s Royal 
Road to Romance , etc. Only carefully selected federal and local documents are needed, 
and donors are requested to write directly to the Center with regard to specific documents. 

The Center cannot purchase books and periodicals; it must depend upon gifts from 
individuals, institutions, and organizations. Each state will be organized to participate in 
the program through the leadership of a state chairman. Other chairmen will organize 
interest in the principal subject fields. Cooperation with these leaders or direct individua! 
contributions are welcome. When possible, periodicals should be tied together by volume, 
and missing issues should be noted on incomplete volumes. All shipments should be sent 
prepaid, via the cheapest means of transportation, to The American Book Center, c/o 
The Library of Congress, Washington 25, D. C. Although the Center hopes that donors 
will assume the costs of transportation of their materials to Washington, when this is 
not possible reimbursement will be made upon notification by card or letter of the amount 
due. The Center cannot accept material which is sent collect. Reimbursement cannot be 
made for packing or other charges beyond actual transportation. 

The National Tribute Grove. Recently we received a reprint from the Congressional 
Rtcord of some remarks made by Representative Clarence F. Lea al>out a year ago con¬ 
cerning this tract of redwood forest which is being preserved in honor of the men and 
women who have served in the armed forces of the United States in World War II. It is 
established as a public park by the action of the California State Park Commission with 
the cooperation of the Save the-Redwoods League, the Garden Club of America, and other 
organizations. The object is to preserve this grove to symbolize “the eternal gratitude 
of the Nation eternally expressed.” “Citizens throughout the United States are joining 
with the California park Authorities in assuring the acquisition and preservation of these 
mighty trees. The forest selected is that of the Mill Cre**k redwoods, near Cresent City, 
Calif., and will lie a part of the California State park system. 

“When completed by private contributions and State funds, the National Tribute 
Grove will contain more than 5,000 acres of some of the finest redwood forest. Some 1,400 
acres, at a cost $260,000, are yet to lie acquired under a purchase agreement with the 
timber owners. Not only will the gro\e lie a symbol of gratitude to all who served in the 
armed forces, but there will also l>e opportunity for contributors to record the names of 
specific members of these forees in The Golden Book, which is to l>e a permanent volume, 
enshrined both in Washington, I>. <\, and in California. 

“A national committee of sponsors has l>een formed, with Hon, Joseph C. Grew, of 
Washington, I). C., as chairman, and Dr. Robert G. Sproul, president of the University of 
California, as treasurer. * ’ 

Mr. Lea goes on to say that the trees of the National Tribute Grove are coast red¬ 
woods, Sequoia sempervirens , the forests of which are being preserved by a system of 
Htate parks and the Muir Woods National Monument near San Francisco, which was a 
gift to the Nation by the late William Kent. Many of these trees are around 350 feet 
high and 12 to 17 feet in diameter, measured 5 feet from the ground, and some are known 
to be more than 2,000 years old. Sequoia gtgantea, a species of older and more massive 
trees of the ftierra, has been preserved by the Federal Government in Sequoia, Kings 
Canyon, and Yosemite National Parks. 

,# Th« Naturalists* Directory,” edited by Herman E. Casaino, contains the names, 
addresses, and special subjects of study, of professional and amateur naturalists through* 
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out the world* This handy directory has been published regularly for 60 years. The cur¬ 
rent edition is expected in September. 

Book Review 

Turtox Microscopy Booklet. By A. C. Lonert. 1-43. /. 1-51 . Chicago: Gen¬ 
eral Biological Supply House. 1946. 

Realizing that many people nowadays take the microscope for granted and do not 
really understand its operation, this booklet was compiled to help “teach the prac- 
tical application of microscope theory, improve the young microscopist’s technique 
and at the same time increase his range of operations.” In seven short chapters, pro¬ 
fusely illustrated, the author describes simple experiments* requiring little apparatus, 
which will give one a better appreciation of the possibilities of his microscope. First 
he illustrates results which may be obtained with a drop of glycerine as a lens. Then 
he shows graphically the difference between magnification and resolution, the mean¬ 
ing and importance of numerical aperture as applied to a compound microscope, and 
the necessity for proper control of the beam of light. Special attention is given to the 
correction of spherical aberration and to the proper illumination with each type of 
objective. A chapter on the use of light filters and polarized light brings out some 
interesting contrasts and shows how the use of these aids may improve the image or 
reveal new details. Brief discussions of stereoscopic vision with a lnonobjective 
binocular microscope, three-dimensional photomicrography, and micro-projection 
suggest interesting lines to follow’ for more elaborate uses of the microscope. A num¬ 
ber of references are cited for more extended study of the topics discussed. In pro¬ 
viding a brief, easily understood introduction to the principles underlying the micro¬ 
scope and its proper use, the author has very admirably accomplished the purpose 
he set for himself.— Harold H. Clum. 



INDEX TO AMERICAN BOTANICAL LITERATURE 

F1(ANT TAXONOMY AND FLORISTICS 
(exclusive of fungi) 

(See also under Genetics: Castle; McFaddea & Sears; Sherman; under Ecology: Clferri) 
Abrams, I*, R. Notes on the typo of some Californian species of Convolvvlun. 

Contr. Dudley Herb. 3; 351-373. pi 66-6,9. 14 Je 1946. 

Acosta Solis M. Historia de las exploraciones cinehoneraB on el Ecuador. Flora 
f Ecuador] 5: 120-123. D 1944 [ 1946 J. 

Alexander, A. J. A new Se/hnn from Chiapas. Cactus & Suce. Jour. 18; 52, 53. 
/. 85, 36. Ap 1946. 

Allen, W. E. Seasonal occurrence of marine plankton diatoms off Southern Cali¬ 
fornia in 1938. Calif. Univ. Scripps Inst. Oceanog. B 5: 293-334. 8 Mr 
1945. 

Allen, W. E. Vernal distribution of marine plankton diatoms off shore in South 
ern California in 1940. Calif. Univ. Scripps Inst. Oceanog. B 5; 335-370. 
Au 1945. 

Anderson, E. Maize in Mexico—A prehminaiv survey. Ann. Mo. Bot. Gard. 
33: 147-247. f. 1-70. 30 Ap 1946. 

Anderson, J. P. Flora of Alaska and adjacent parts of Canada. Part V. Cabom* 
haceae to Droseraceae. Iowa State (’oil. Jour. Sci. 20: 297-347. /. 468-583. 
Ap 1946. 

Bailey, L. H. The* palm herbarium with remarks on certain taxonomic practices. 

Gent. Herb. 7: 153-180. f. 39-55. 17 JJ 1946. 

Baird, V. B. Viola o flora fa in California. Madrono 8: 207. Ap |2 My] 1946. 
Baldwin, J. T. Sptrata laUfoha \ar. x< ptrntrionaU* in Virginia. Bhotlora 48: 
112. 6 My 1946. 

Ball, C. R. Why is taxonomy ill supported? Science 103: 713, 714. 14 Je 1946. 
Barnes, C. T. The plant dear-eve or see bright [Salvia ncltria] a new record for 
Utah. Great Basin Nat. 6: 128. 15 X 1945. 

Barros, M. Jundieens argentinas. Holmbergia 4: 101-112. pi 1-5. 26 Je 1945. 
Bertram, E. B. Alpine mosses from Mexico. Rev. Bivol. & Lichen. 15: 21-23. 
1945. 

Becherer, A. Bemerkungen zur Gattung Primula. Verb. Xaturf. Ges. [Basel] 
56: 159-171. 1945. 

Benoist, R. Plantes recoltees en Etpiateur [Ecuador]. Bull. Soc. Bot. France 
92: 139-142. N-I> 1945. 

Boelcke, O. Estudio morfologieo de las seimllas de Leguminosas Mimosoideas y 
Caesalpinioidens de interes agronomico en la Argentina. Darwiniana 7: 
240-321. 13 pi Mr 1946. 

Bremerkamp, C. E. B. The position of the genus ThomautU rsm Baill. Rec. Trav. 

Bot. NYerl. 39: 166-175. pi 1-4. N 1942. 

Brenan, J, P, M. Notes on Hirftlla in East Tropical Africa. Trop. Woods 86: 
3-11. 1 Je 1946. 

Brown, £. O. Notes on some variations in held bindweed (Couvolvidua arvonitut 
L.). Iowa Btate Coll. Jour. Sci. 20: 269-276. /. 1-4. Ja 1946. 

Burkart, A. Dos Leguminosas euyns semillas si' usan como substitutos del cafe 
en la Argentina. Rev. Argent. Agron. 13: 36-46. /. 7, J. Mr 1946. 

Burkart, A. J.*eguminosnfc nuevns o criticas. Darwiniana 7; 216-239. f. t~5 + 
pi /, 3. Mr 1946. 
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Burke, F. New variety of Ulothrix. Northwest Sei. 20: 73, Mr-Je 1046. 
G&rabia, J. P, The vegetation of Sierra de Nipe, Cuba. Ecol. Monog. 16: 321- 
341. /. 1S6. O 1945. 

Castellanos, A. Las exploraciones bot&mcas en la epoca do la Independence, 
1810-1853. [Argentina.] Holmbergia 4: 3-34. 26 Je 3945. 

Chase, A. Enneapogon Desvavxii and Pappophorum Wrightii, an agrostological 
detective story. Madiono 8: 187-189. Ap [2 My] 1946. 

Clferri, R. L’ “habitat” e la micorrizia di nlcune Burraanniaceae della Re- 
pubblica Dominicaba (key and new formae]. Atti 1st, Bot. Univ. Pavia V 
7: 25-34. 1946. 

Ciferri, R. Note ecologiehe sulla Chara zeylanchca nella Repubblica Dominican a 
[key to spp.]' Atti 1st. Bot. TTniv. Pavia V 7: 3-7. 1946. 

Clferxl, R. Note su nlcune fanerogame marine della Repubblica Dominicana. 

Atti. 1st. Bot. Univ. Pavia V 7: 22-24. 1946. 

Clausen, R. T. Najas arguta in Central America and its relationship to AT. 

Wrightiana. Bull. Torrey Club 73: 363-365. /. 1. J1 1946. 

Clausen, R. T. A new sub-species of S<dum ebraeteatum from the Sierra Madre 
del Sur [Mexico]. Cactus & Succ. Jour. 18: 86, 87. /. 5$. Je 1946. 

Clausen, R. T. Nomenclntural changes and innovations in the Crassulaceae. Cac¬ 
tus & Succ. Jour. 18: 58-61. /. 3<K 40. Ap. 1946; 74-77. /. 47, 48. My 1946. 
Conard, H. S. Polygonum Voitglasii Greene not in Tow a. Am. Midi. Nat. 35: 
797. 30 My 1946. 

Core, E. I*. The genua Selena in Cuba. Mein. Hoc. Cub. Hist. Nat. 18: 43-58. 
Mr 1946. 

Core, E. L. & Ammons, N. Woody plants of West Virginia in winter condition. 

W. Va. Univ. w«i, 1-324. Must. J946. (Lithoprinted) 

Crlsler, L. Wild flowers in the Olympics as I have seen them. Arb. Bull. 9: 3-4, 
24-26. Je 1946. 

Croiaat L. Novelties in American Euphorbiaeeac. Jour. Arnold Arb. 27: 289- 
291. 35 J1 1946. 

Cronquist, A. A disciform plant apparently related to Seneeto eongettlu a, Leafl. 
W. Bot. 4: 250, 251. 22 My 1946. 

Cronquist, A. Notes on Compoaitae of the North Eastern United States, III. 

Tnuleae and Seneeioneat. Rhodora 48: 116-25. 4 Je 1946. 

Descole, H. R. Genera ot species plantaium argent inarum. 2 l : 1-273. pi. 1-1 J!, 
[Asclepiadaceae; 9 O 3944); 274-372, pi. 122-160. (Valerianaeeae; 6 X 
3944]; pi. 161-175 [leones Plantarum Argent mar urn (Miscel.)J 378-383. 
Buenos Aires. 1944. 

Dlckason, F. G. A phylogenetic study of the ferns of Burma. Ohio Jour. Sci. 
46: 73-108. 2 pi. Mr (Je| 3946. * 

Dwyer, J. D. The taxonomy of Gotloya K. and P., Phytulanthera van Tieghcm, 
and Cexpcdtzia Goudot (Ochnaocae). Lloydia 9: 45-61. /. IS. Mr [Je| 
1946. 

Eastwood, A. The lure of Arizona rock-ferns. Am. Fern Jour. 36: 49-53. Je 
1946. 

Eastwood, A. A new Lupine from Bartlett Mt. Leaflet W. Bot. 4: 259. 22 Mv 
3946. 

Eastwood, A. The prostrate oaks of Marin County, California, Leafl. W. Bot. 
4: 241, 242. 22 My 1946. 

Eastwood, A. A tentative key to the small-flowered lupines of the western United 
States. Leafl. W. Bot. 4: 251-254. 22 Mv 1946. 
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Epling, C. ft Toledo, J. F. Flora Brasilica (L&biad&s). Fasc. 7. 48: (genera 
1-14): 3-107. 4 f. pi 1-42. Seer. Agr. Indust. ft Com. 8. Paulo. 8 1943. 
Erlanson, O. O. The vegetation of San Jose Island, Republic of Panama. Smiths. 

Misc. Coil. 106*: 1-12. pi 1 , 2. 18 J1 1946. 

Erwin, A. T. Anent the origin of sweet corn. Iowa State Coll. Jour. Sei. 16: 
481-485. J1 1942. 

Fagerlund, G. O. ft Mitchell, A. L. A checklist of the plants: Hawaii National 
Park; Kilauea-Mauna Loa Section. Bull. Nat. Hist. Nat. Park 1-76. 1944. 
[Mimeog.] 

Fernald, M. 1*. Amclanchier spicata not an American species. Rhodora 48: 125- 
129. pi. 1027-1030. 4 Je 1946. 

Fernald, M. L. Varieties of Lycopodium innndatum. Rhodora 48: 134-336. 
4 Je 1946. 

Fttlford, M. The genus Bazzanw in Central and South America. Ann. Cryptog. 
& Phytopath. 3: t-jrv, 1-175. 1946. 

Gates, F. C. Kansas botanical notes: 1944. Trans. Kansas Acad. 48: 165-168. 
15 S 1945. 

Gentry, H. S. A new Nohna from Southern California. Madrono 8: 179-184. 
pi UK f. 1. Ap [2 My] 1946. 

Gentry, H. S. Sierra Tucuichamonu — a Sinaloa plant locale. Bull. Torrey Club 
73: 356-362. /. 1-3. J1 1946. 
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folded together upward aud with their margins rolled inward, aud of a 
terminal growing point (fig. 1). In mid-March, when the most recently 
expanded leaflets were just maturing, the rudiments of two or three pairs 
of leaflets might he distinguished in the bud with a hand lens or even the 
naked eye. The largest rudiment was from 2.5 to 5 mm. long. This bud is 
naked, in the sense th&t it is not enveloped in protective scales; but the 
young organs are covered by a copious growth of short hairs. Similarly, the 
stem-buds, both terminal and lateral, are unprotected, except for the hairs 
which envelope the tender rudiments. 

In February, when the terminal birds of the branches elongate to pro¬ 
duce new leafy shoots, the buds which terminate the raehises also become 
active, and give rise to new lengths of rachis, bearing additional pairs of 
leaflets, usually two, but frequently three, and sometimes only one, to each 



Fio. 1, Apex of j a chi a of loaf of Guano rhtt[Hilocarpa f showing the resting bud. P = 
bases of potioluh‘8 of termiual pair of expanded leaflets, which have l»ecn cut awaj; 
R-rudiments of three leaflets, n 5. 

leaf. Until they are practically full grown, these new leaflets are deflexed 
below the rachis, with their lower sides facing each other. Even for some 
time after they have attained their full size, they may be distinguished from 
the older pairs <tf leaflets of the same leaf by their much lighter, fresher 
green. 

The growth of the rachis is renewed in this fashion from year to year. 
Whether it oeculs only annually, or sometimes also at shorter intervals, 
my observations were not continued sufficiently long to determine. The 
rachis accordingly becomes very long, but always remains slender and 
withe-like, so that it droops under its own weight and that of the leaflets it 
supports. The longest raehis which I actually had in hand measured 50 
inches (127 cm.), including the petiole, but was only i inch (6 mm.) in 
diameter near the base. This raehis had produced, as indicated by living 
leaflets and the scars left by the fallen ones, a total of 22 pairs of leaflets, 
including two pairs newly expanded during the present season. Allowing 
for the production of two or three pairs of leaflets each year, its age would 
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have beea from 7 to 11 years. Possibly it was even older, for sometimes only 
a single pair of leaflets is produced at the time of bud-elongation. 

The leaflets persist and remain green through several seasons (or at least 
through several periods of bud-elongation), for in March 5 or 6 pairs of 
living, mature leaflets were frequently found on a single leaf, while only two 
or three new pairs are produced at a time. This at least is true of treeB in 
the forest; on trees growing in the clearings, there are usually not so many 
pairs of living leaflets per leaf, suggesting that they do not survive so long. 
When the leaflets at length fall away, they leave the basal portion of the 
rachis quite naked; for, unlike a true branch, it bears no buds in the axils 
of the leaflets, and hence gives rise to no lateral shoots. In other respects, the 
rachis quite resembles a slender, whip-like branch, both in external appear¬ 
ance and internal structure; it becomes covered with a corky bark, and pro¬ 
duces much secondary wood within. The older, bark-covered portion of the 
rachis contrasts sharply with the more slender, green terminal part which 
has newly elongated. 

In cross section, the rachis and petiole of (Unarm rhopalocarpa present 
many small collateral vascular bundles arranged in an irregular circle or 
somewhat four-sided figure around the central pith. An active cambium, 
already forming a nearly complete ring, was found behind the terminal 
pair of leaflets of a leaf that had a resting bud at its apex. A Section through 
the rachis of a leaf with several increments of growth, made at a point below 
the oldest living leaflet, revealed a thick layer of secondary wood, composed 
chiefly of thick-walled fibers, with scattered vessels, uuiseriate vascular 
rays, and an active cambium. Two annual rings could be distinguished. 
Because a microscope was not available while 1 dwelt in the region where the 
Guarea grows and no extensive series of material was preserved, it was not 
possible to correlate the number of annual rings in the wood of the petiole 
Avith the number of leaflets that the leaf had produced. This would have 
made an instructive study. 

In an attempt to decide which features, if any, in the internal structure 
of the axis of the leaf of Guarea rhopalocarpa are correlated with its pecu¬ 
liar habit of growth, I examined the leaves of a number of other trees. In 
many compound leaves, the petiole and lower part of the rachis present in 
cross-section a structure not unlike that of a young stem, with collateral or 
at times bicollateral vascular bundles arranged in a ring around the central 
pith. Often a complete ring of cambium (fascicular and interfascicular) 
develops early and produces a certain amount of secondary xylem and 
phloem, the former with typical if short, vascular rays. Such stem-like 
structure, with a closed cylinder of cambium and secondary wood and 
phloem, was found in petiole or rachis of Cupania fulvida, Dipterodendron 
elegant, Jacaranda spp., Simarovba amara, 8 pat hod ca campanulata, 
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Spondias lute a, Turpinia occidentalis, etc. Essentially similar structure— 
including a small amount of secondary thickening—was found in the 
petioles of such large simple leaves as those of Cecropia $p., Croton spp., 
Ricinus communis, etc. Thus in its primary structure the axis of the leaf of 
Ouarea rkopalocarpa is, because of the somewhat irregular arrangement 
of the vascular bundles, less stem-like than that of some of the other leaves 
mentioned in this paragraph. In its secondary structure it differs in the 
greater thickness of wood produced by the cambium, (at least greater in 
proportion to the whole diameter of the petiole), in the presence of annual 
rings, and in the formation of cork, which is by no means common on 
petioles. 

There are many woody plants whose lateral shoots behave much like 
compound leaves. These are chiefly trees and shrubs which produce a multi* 
tude of small leaves set close together ou branches of determinate growth. 
At the time of leaf-shedding/ these plants, instead of dropping each tiny 
leaf individually, economize effort and cast off their twiglets with the foliage 
stift attached to them. The bald cypress, the arbor vitae, the araucaria and 
other conifers belong to this class. The willow sheds first its leaves and then 
many of the slcuder twigs which bore them, just,as many trees with com¬ 
pound leaves drop first their leaflets and then the naked rachis to which 
they had been attached. The Central American rubber tree ( Castilla ) also 
sheds the lateral, leaf-bearing branches from the lower part of its straight 
trunk, which produces few’ permanent branches 

Hut although there are so many examples of branches which simulate 
compound leaves, I am familiar with no other example of a compound leaf 
which simulates a branch so completely as this. Even the great, twice- 
eompound leaves of Jacaranda Vopaia , each of which represents, function¬ 
ally, an entire branch system—for until it is forty or fifty feet high, the 
slender, pole-like young tree commonly produces no branches unless injured 
—is of perfectly determinate growth. In due course each leaf, a yard or two 
in length, falls away in its entirety, leaving the trunk thickly covered with 
conspicuous scars. One must go to plants of very different kinds to find a 
parallel with the perennial leaves of 0aorta rkopalocarpa and related 
species. Wclwitschia mirabilis of the deserts of southwestern Africa pro¬ 
duces only a single pair of leaves, that must serve this curious gyrauosperm 
during the course of a long life, passed amid the most severe climatic con¬ 
ditions. But these are simple, strap-like leaves, and elongate from the base 
rather than at the apex. A somewhat closer parallel to the leaves of our 
Ouarea is found among ferns of the genus Dicranopteris . The scrambling 
fronds of these tropical ferns branch nq>eatedly in a dichotomous fashion, 
and produce restiug buds in the angles of the principal forks. After a 
period of quiescence, the buds become active and increase the length of the 
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frond, very much as the bud at the apex of the rachis of Ouarea increases 
the length of the leaf. 

SUMMARY 

Guarea rhopalocarpa, a mediuiu-sized tree of the Costa Rican mountains, 
is distinguished by the unusual density of the foliage of its narrow crown. 

Bach of the pinnately-compound leaves consists, when first expanded, 
of from one to four pairs of opposite leaflets, and bears at the apex of the 
rachis a resting bud containing the rudiments of several additional pairs of 
leaflets. The following year, at the same time that the tree produces new 
leafy shoots, the bud at the tip of the rachis becomes active and gives rise 
to ail additional length of rachis, bearing from one to three additional pairs 
of leaflets. Thus the leaf grows in length from year to year, behaving much 
like a branch, but without lateral buds. The individual leaflets appear to per¬ 
sist for two or possibly three years. The rachis may reach 127 cm. in length 
and produce a total of 22 pairs of leaflets, including those living and fallen, 
indicating an age of from seven to ele\en years for the whole braneli-like 
leaf. 

The petiole and rachis of the leaf of <7 it area rhopalocarpa present in 
cross-section a stem-like structure and are carh provided with a closed ring 
of cambium. In this they agree with the axis of many other large compound 
leaves, also with the petioles of big simple leaves. They differ from the 
corresponding parts of the other leaves examined in the relatively greater 
thickness of the secondary tissues resulting from their greater age, the 
formation of animal rings in the wood, and in the production of a corky bark. 

Han Isidro del General, 

Costa Rica 
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THE ORIGIN OF THE MICROSPORANGIUM OF 
PSEUDOTSUGA* 

George S. Allen 

In view of the important principles involved, it is surprising that Bower’s 
(1896) observations and deductions relative to the sporangium have been so 
completely neglected by more recent investigators. Bower’s discovery that 
there exists in the ferns a parallel “ . . . between the bulk and mode of seg¬ 
mentation of the apices of root, stem, and leaf, and the bulk and segmenta¬ 
tion of the sporangia of the same plants” is very significant. Bower came to 
the conclusion that “the mode of segmentation of sporangia in vascular 
plants at large corresponds to that of their apical meristems, and the gen¬ 
eralization may be extended as follows: where the apical meristems are dis¬ 
tinctly stratified, th< sti nature of the young sporangium is stratified also; 
in those plants in which there is a non-sfratified structure , with one ormore 
initial cells , and freque nt periclinal division of superficial cells near the apex 
of the stem , leaf, or root, then the structure of the young sporangium is not 
distinctly stratified." Bower summarized his viewpoint in these words: “The 
study of sporangia or synangia of a plant should be carried out in the light 
of a knowledge of the segmentation of its apical meristems,” and made the 
significant suggestion that “a renewed enquiry into the detailed develop¬ 
ment of the pollen-sac of Gymnosperms may be expected to yield facta of 
interest in view of the recent demonstrations of the noil-stratified structure 
of the meristems at the apex of their axes (Douliot 1890; Koch 1891).” 

In view of these pertinent suggestions, it is worth while to enquire into 
the ontogeny of the microsporangium of Pse udotsuga as a representative of 
the gymnosperms, and to relate it to the structure and behavior of the shoot 
apex of the same plant. Before this can be done, however, it is necessary to 
clear up as far as possible the confusion which exists in the literature as to 
the precise meaning of the term “archesporium.” 

In 1880, Goebel introduced the term “archesporium” to designate the 
parent cells of the sporogenous tissue in the vascular plants (see Bower 1908, 
p. 106). Bower (1908, 1935, etc.), in his many references to the sporangium, 
has used “archesporium” consistently with its original meaning. Smith 
(1900) suggested'that the term be retained in its original sense for the seed 
plants, but that it should signify the superficial cell or cells in the pteri- 
dophytes from which the spore-formifig tissue is derived. This was a some- 

t Dr. Ad nance 8. Foster suggested this problem and the study was made under his 
direction at tlm University of California, Berkeley. 
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what confusing attempt to distinguish between the superficial and “hypo- 
dermal” origins of the sporangia in the ptendophytes and seed plants 
respectively. With this change in its meaning, “archesporium” became 
practically synonymous with “sporangial initial (s)” and has since been 
used in this sense by several investigators (Coulter & Land 1905; Nichols 
1910; Coulter & Chamberlain 1912; Dupler 1919; Chamberlain 1925; Camp¬ 
bell 1940). Crozier (1892) and Jackson (1916), in their glossaries of botani¬ 
cal terms, give the original meaning of the term as introduced by Goebel. 
Unfortunately, recent authors (Chamberlain 1935, Campbell 1940), in 
dealing with the microsporangium of conifers, did not emphasize the funda¬ 
mental difference which apparently exists between the origin of sporangia 
in all seed plants and that in the lower eusporangiate plants. For example. 
Chamberlain likened the ontogeny of the conifer microsporangium to that 
of Selaginella or Lycopodium; vet he stated that in conifers there is a hypo- 
dermal cell, or layer of cells, which may be called the archesporium (spo¬ 
rangium initials), whereas in fact the lower vascular plants have superficial 
initials which give rise to the sporangium. 

Bftwer (1908) has pointed out that because the archesporium was recog¬ 
nized successfully in certain cases, there has been a tendency to expect simi¬ 
lar success in all cases. To the present writer, the term “archesporium” 
implies early and precise predestination of certain cells to become sporo- 
genous. In cases where the primary sporogenous cell(s) cannot be recog¬ 
nized, or where there is no single layer from which all the sporogenous tissue 
is derived, the use of archesporium seems ill-advised and misleading (Smith 
1900, p. 324). Bower (1908) restricted his use of the term to those cases 
“ . . . where the cell or cells which give rise to the sporogenous group is 
obvious ...” 

This lengthy discussion has been necessary because of the confusing com¬ 
parisons which have been made between the sporangia of pteridophytes, 
gymnosperms, and the angiosperms on the basis of their ultimate origin. In 
order to avoid misunderstanding, the term “archesporium” will not be used 
with reference to Pseudotsuga; where reference to the literature is necessary, 
“sporangium initial(s)” will be added in parentheses in cases where 
“archesporium” refers to a cell or group of cells which give rise to both the 
wall layers and the sporogenous tissue. 

ONTOGENY OF THE MICROSt'OHOPHYLL 

Microsporophylls arise aeropetally on the flanks of the strobilus apex 
(figs. 1, 2) and, in the earliest stages, are very similar to foliage-leaf pri- 
mordia (figs. 3, 4, 7, 8). They are first evident as a group of surface cells 
whieh have elongated radially and then divided periclinaily. Continued peri- 
clinal and anticlinal divisions of the surface cells and their derivatives pro- 
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duce a symmetrical hemispheric protuberance which for a short time de¬ 
velops by a form of apical growth (fig. 4). The latter ceases rather abruptjy 
when the primordiuw reaches a length of about 75 p, at which time it is a 
symmetrical dome with its main axis at right angles to the surface of the 
strobilus. At a similar stage of development, a foliage-leaf primordium has 
already exhibited an upturning due to asymmetrical growth; its abaxial 




Fig. 1 * Ding) am of a microsporangiate strobilus lit median longisection showing 
zonal pattern of tin* apex and the arrangement of the sporophvU primordia. August IS, 
3942. v 35. Fig. 2, Longisection through a mierosporangiate apex. Note the rapid dif¬ 
ferentiation within the central tissue zone. August 12, 1942. x 146. Fig, 3. Longisection 
through a young microsporophyll showing evidence of numerous periciinal divisions in the 
surface cells. * 250. Fig. 4. Longisection through a slightly larger microsporophyll. x 250. 
Fig. 5. Longisection of an older microsporophyll showing anticlinal rows of cells in the 
abasia! region which have resulted from continued periciinal division of surface cells 
and their derivatives. Note the surface anticline near the apex, \ 250. Fig. 6. Transsection 
of a microsporophyll at a point 25 microns from the surface of the strobilus and 75 
microns from the tip of the sporophvlL Note the anticlinal rows of cells in the abaxial 
region. < 250. 


surface cells elongate more rapidly than those of the adaxial surface. Apical 
growth virtually ceases at this early stage in both kinds of primordia and 
continued growth in length of the appendages is intercalary. 

Beyond this early stage, cells of the adaxial surface of the microsporo¬ 
phyll begin to vacuolate and cell division is infrequent (figs. 8, 9); when it 
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does occur the new wall is always anticlinal. Abaxial surface cells continue 
to divide actively, both perielinally and anticlinally, resulting in a growth 
in volume of the young sporophyll (figs. 4, 8). The center of meristomatie 
activity gradually shifts from the apex of the sporophyll towards the abaxial 
surface, the central region of which becomes the generative area of the young 
sporangia. It is significant that the activity of the abaxial surface cells and 
their derivatives does not result in a decided upturning of the sporophyll as 
might be expected; this is due in part to the predominance of perielinal 
divisions in this region, and in part to the elongation of the cells of the 
adaxial surface. In contrast, the young foliage-leaf primordium exhibits an 
early upturning as described. The leaf and the sporophyll primordia are, 
therefore, distinguishable from one another at an early stage of development. 



Fig. 7. Longisection through a xoung nmrosporophyli. Note the numerous surface 
periclines. August 12, 1942. *101. Fig. 8. Longisection through a larger sporoplnll 
showing anticlinal rows of cells in the abaxial region and an anticlinal division near the 
apex. Note the differentiated appearance of the adaxial surface region and the men 
sterna tic condition of the abaxial region. ✓ 342. Fig. 9. Longisection through n still 
older microsporophyll in Ttliich the abaxial surface region is still highh meristematic 
Note the surface peridine. ' 191. 

The latter are more massive and shorter and stand nearly perpendicular to 
the strobilus surface with only a slight upturning of the tip; foliage-leaf 
primordia show a narrow angle of insertion and the apical portion is more 
or less appressed to the surface of the shoot apex. 

ONTOGENY OK THE MK'ROSPORANGIUM 

An attempt has been made in this study to trace the microsporangium 
to its ultimate origin as has been done successfully for many of the lower 
vascular plants (Bower 1908), and for certain of the cycads (Smith 1907, 
Starr 1910; see Chamberlain 1935). It has not been possible, with the mate¬ 
rial at hand and the microtechnique employed, to find any good evidence for 
the existence of a “hypodermal arehesporium” (sporangium initials) as 
described by Chamberlain (1935) for conifers and cycads. Sporogenous cells 
.cannot be recognized with certaiuty until a relatively late stage of develop- 
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meut; the first of these appear deep within the tissue of the young spo¬ 
rangium, often from four to six cells in from the abaxiai surface. The con¬ 
tinued growth in volume of the sporangia mainly as a result of numerous 
surface periclinal divisions is significant; there is no “dermatogen” or 
protoderm covering the young microsporoph.vll or its sporangia. Therefore, 
the concept of a “hypodermal” origin for the sporangium of this conifer 
cannot be entertained. 

It has not been possible to trace the origin of the sporangium to the divi¬ 
sion of any given cell or group of cells for the reason that, from the time of 
its inception, the microsporophyll exhibits numerous surface periclines which 
continue until sporogenous cells are differentiated deep within the two spo¬ 
rangia. It is realized that there may be a precise origin as there is in many 
lower tracheophytes. At the same time, the evidence suggests that a potenti¬ 
ally sporogenous mass of cells is built up by the activity of the abaxiai meri- 
stem and that within this mass only certain cells fulfil their potentialities. 
It is of interest that a similar lack of precision or predetermination appears 
to exist at other critical points in the life history of Pscudotsuga, particu¬ 
larly in the growing apices of root and shoot, and in the developing embryo 
(Allen 1945). 

The following conclusions appear to be justified on the basis of the obser¬ 
vations described. 

1. There is no protoderm covering the young sporophyll completely or 
covering its two young sporangia. A considerable part of the growth in vol¬ 
ume of the sporophyll and sporangia is due to continued periclinal divisions 
of surface cells. The sporangia are not invested by a true sporophyll epi¬ 
dermis as is the case in the angiosperms (see Coulter & Chamberlain 1912; 
Hav ward 1938). and apparently in other gvmnosperms (Chamberlain 1935). 
The surface cells of the sporangium wall ultimately form the epidermis of 
the sporangium; this is not the case in the angiosperms or, according to some 
authorities (Chamberlain 1935, Smith 1900, Campbell 1940), in the seed 
plants as a whole. The “exothecium” (see Goebel 1935, p. 1792) of Pscudo- 
tsuya is therefore the outer layer of the sporangium wall; the ‘‘endo- 
thecium” of angiosperms likewise is the outer wall layer but is covered by 
the epidermis of the anther in the early stages. On this basis, the micro¬ 
sporangium of Psi udotsuga is closely homologous with the sporangia of the 
low'er eusporaugiate tracheophytes. Furthermore, there is a close similarity 
between the non-stratified structure of the vegetative shoot apex (Allen 
1945) and the non-stratified structure of the microsporaugium, a fact thus 
supporting the general thesis of Bower (1896), In contrast, in the angio¬ 
sperms the sporangium is from the beginning invested by a protoderm as is 
usually the case with the shoot apex (see Bower 1896, p. 8, footnote). 
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2. It seems probable that the sporogenous tissue has a much less precise 
origin than is true of many other vascular plants. 

3. The microsporangium of Pseudotsnga appears to retain, even to exag¬ 
gerate, the somewhat indefinite and crude ontogeny characteristic of certain 
of the lower traeheophytes (see Bower 1908). Its origin is very dissimilar 
to the precise condition typical of angiosperms, or to the extremely special¬ 
ized and refined development characteristic of leptosporangiate ferns (Bower 
1889). 

DISCUSSION 

Goebel (1881) concluded, on the basis of a broad comparative study of 
the sporangia of vaseular plants, that the microsporangia of conifers are 
comparable throughout their development with the sporangia of lower 
eusporangiate plants. In Pinus the “archespore” consists of one hypoder- 
mal cell; the “epidermal” cell which lies adjacent to it divides perielinally 
to form the first “tapetal” cell. This implies that the sporangium initial 
must have been a surface cell which divided to form the archespore and the 
epidermal cell, the latter then dividing perielinally to produce a primary 
tapetal cell. This does not agree with the hypodermal origin of the spo¬ 
rangium as described by Chamberlain (1935), Coker (1903), Nichols (1910), 
Coulter and Land (1905), and others. 

Goebel described the change in form of the microsporophyll of Pinus 
during its early development and showed that, whereas the arehesporium 
originally lies near the adaxial side, the sporogenous tissue soon occupies a 
position near the abaxial surface owing to the asymmetrical growth of the 
sporophyll. A similar change takes place in the sporophyll of Pseudotsnga 
as described above, but it was not possible to recognize an arehesporium ami 
follow its change in relative position; the shift of the center of meristematic 
activity has been described. 

Coker (1903) reported a hypodermal origin for the microsporanginm of 
Taxodium. Nichols (1910) stated that the arehesporium (sporangium ini¬ 
tials) in Juniper us is first recognizable as a plate of radially elongated cells, 
from four to six in nunfber in a single longitudinal section; these divide by 
peridina] walls and the arehesporium continues to grow without any differ¬ 
entiation becoming apparent. Finally, the outer layer divides perielinally to 
form the tapetum internally and the inner layer of the sporangium wall; the 
latter is covered by an epidermis which finally becomes the monolayered wall 
of the mature sporangium. Nichols contrasted this condition with that seen 
in the angiosperms where the epidermis is unimportant in the formation of 
the wall of the mature pollen sac, and implied that the “epidermis” is in 
both cases homologous. 

t Coulter and Land (1905) described "the microsporangium of Torreya 
taxifolia as originating from a single hypodermal initial, but their conclu- 
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sions were based upon the behavior of the sporaiigia which abort to form 
resin ducts, and not upon normal sporangia. A radial row of four cells is 
shown in their figure 9 in which the innermost cell is interpreted by the 
authors as a primary sporogenous cell, the next two as young wall cells, and 
the surface cell is presumably “epidermal** in nature. Without more exact 
data than these it is equally logical to propose a surface initial for the spo¬ 
rangium. The authors* interpretation as a mierosporangium of the structure 
figured is open to question in any ease. 

Dupler (1919) stated that each mierosporangium of Taxus originates as 
a single archesporium (sporangium initial) normally in the hypodermal 
layer. Prom a very early stage there is an epidermis over the sporophyll and 
the sporangium, wall is invested with a sporophyll epidermis as in the angio- 
sperms. Although Dupler described the epidermis as a distinct layer through¬ 
out, dividing only anticlinally, he found “occasional perielines” in the sur¬ 
face layer which gave rise to an epidermis two cells thick at some points. 
This is*suggestive of the behavior observed in Pseudotsuga, in which surface 
periclines are common throughout early ontogeny of the sporangium. 

The current viewpoint is apparently summed up by Chamberlain (1935) 
in the following words: “The development of the mierosporangium (of 
conifers) and its microspores is the usual development of a eusporangiate 
sporangium, and in the earlier stages, does not differ much from that of 
ticlaginclla, or even from that of a eusporangiate bomosporous form like 
Lycopodium . There is a hypodermal cell, or layer of cells, which may be 
called the archesporium (sporangium initials). A periclinai division in the 
archesporium gives rise to two cells, the outer forming the parietal or wall 
la 3 r ers, and the inner giving rise to the sporogenous tissue.” Campbell (1940) 
has this to say about the conifer mierosporangium: “The development of the 
pollen sac may be compared with the sporangium of the eusporangiate fern 
type. In the very early stages there is a hypodermal cell layer, the arche¬ 
sporium (sporangium initials), which divides into an outer layer, contribut¬ 
ing to the anther wall, and an inner one which gives rise to the sporogenous 
tissue. The wall of the pollen sac consists of several cell layers, the innermost 
contributing to the tapetum, while the outermost layer may persist as the 
endothecium and with the epidermis forms the wall of the ripe pollen sac.” 
'('here is a serious lack of agreement between these generalized accounts and 
the facts observed in Pseudotsuga, It does not seem likely that this one 
conifer differs radically from other conifers studied, and an investigation 
of forms such as Abies, Tanga, and Lavix among the Abietaceae, as well as a 
re-examination of Pinna, Ginkgo , and the cvcads, is much to be desired. 

Investigations dealing with the eycads and with Ginkgo (Smith 1907, 
Lang 1897, Starr 1910, Chamberlain 1935) indicated that the mierospo- 
rangium of these gynmosperms has a hypodermal origin. Some of the illus¬ 
trations purporting to support this view are, however, suggestive of the 
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behavior found in and described above for Pseudotsuya (see Smith 1907, 
figs. 11, 28; Starr 1910, fig, 5); surface perielines are indicated and a hypo- 
dermal origin seems questionable without other more convincing evidence. 
It is noteworthy that Wilson Smith (1900), in his discussion of the homology 
of the archesporium, stated that there may be periclinal divisions in the 
superficial cells of the sporangium of gyinnosperms, but that these occur 
only after the differentiation of the archesporium. On the contrary, all evi¬ 
dence from this study points to a continuity of surface perielines from the 
visible beginning of the mierosporophyll until the differentiation of sporo- 
genous tissue. 

From a speculative viewpoint, there are two reasons why a hvpodermal 
origin for the mierosporanginm of gyinnosperms might be considered re¬ 
markable, In the first place, the eyeads, with their many similarities to the 
lower vascular plants, might be expected a priori to have, in the “conserva¬ 
tive” microsporangium, an ontogeuv similar to that of the lower eusporangi- 
ate tracheophytes. Jeffrey (1917), for example, considered the mature spo¬ 
rangia of cyeads closely similar to those of the pteridophytes. It does seem 
surprising, in view of the many dissimilarities between the cycads and the 
angiosperms, that the cyead mierosporanginm should have a precise internal 
origin much like that in the angiosperms. If such a similarity does exist then 
Bower’s (1896) generalization for the vascular plants does not hold for the 
gymnosperms. Secondly, the general lack of a discrete surface layer or layers 
at the shoot apex of most gyinnosperms (see Foster 1941) contrasts remark¬ 
ably with the discrete protoderm which supposedly covers the young sporo- 
phyli and its sporangia during early ontogeny (see Smith 1900). It is again 
emphasized that the shoot apex of many gyinnosperms is unstratified whereas 
the young sporangium is apparently stratified; obviously, if this is true, 
Bower’s generalization is in serious error. 

Pertinent to this discussion is the statement made by Bower (1908) that 
in the sporangium of the Ophioglossales, “ . . . with the larger size goes 
less definite segmentation while greater definiteness is seen with the smaller 
types.” On page 112 Bt>wer stated that the sporogenous group “ ... in 
many of the Eusporangiate forms does not arise from any single archesporial 
cell, or definite group of cells; moreover, cells which are obviously sister-cells 
may not uufrequently be found to develop the one sterile, the other fertile. 
This suggsts on the basis of structure that the fertile tract is a residuum left 
by advancing sterilization, while the ragged and ill-defined limits point to 
the conclusion that the sterile and fertile tracts are closely related; in fact, 
that they had a common origin, and that the final condition represents the 
balance struck between sterile and fertile development.” Further, Bower 
(1008, p. 319) found in 1 socles ”... the first periclinal divisions ... do 
not absolutely define the future sporogenous tissue; it has been repeatedly 
seen that additions to it may be made by subsequent periclinal divisions of 
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the superficial cells . . . Bower found-a similar behavior in Selaginetta 
(p. 316-317), in Equisetum (p. 377-378), and in Lycopodium (p. 314) in 
a number of cases studied- In view of the observations described above for 
Pseudotsuga, the implications of Bower’s findings and deductions are obvi¬ 
ous; definite conclusions, however, must await further study of other gymno- 
sperms. 

With the exception of Ginkgo (Jeffrey 1917, p. 218), gymnosperms are 
said to have an “exothecium” like that of the pteridophytes, whereas the 
angiosperms have an “endothecium,” that is, the hypodermal layer of the 
mierosporangium is concerned with dehiscence (Goebel 1933, p. 1792). Jef¬ 
frey (1917) described the sporangium of pteridophytes and cycads as 
“ecktokinetie” (equivalent to having an exothecium), and that of the higher 
seed plants, including Ginkgo , as “endokinetic” (equivalent to having an 
endothecium). The dehiscence layer of angiosperins and of pteridophytes is 
admittedly the actual outer layer of the sporangium wall, as it is in Pseudo - 
tsuga ; the dehiscence layer is therefore superficial in Pseudotsuga and in the 
pteridophytes, but originates beneath a discrete surface layer in the angio- 
sperms. According to the literature (Chamberlain 1935; etc.), the gymno- 
sperms as a whole could not fit into tills picture since the “epidermis” and 
not the outer layer of the sporangium wall forms the dehiscence layer or 
exothecium (see Campbell 1940, p. 492). The obvious disagreement between 
this viewpoint and the behavior described for Pseudotsuga suggests that 
other gymnosperms may have microsporangia which are strictly superficial 
in nature as they are in Pseudotsuga rather than internal as they are in the 
angiosperms. 

In conclusion, it seems significant that the abaxial meristeiu which pro¬ 
duces the microsporangia of Pseudotsuga lias features ill common with the 
apical meristem of the vegetative shoot {Allen 1945). In particular, neither 
has a “stratified” structure, which agrees with Bower’s generalization for 
the vascular plants at large. In his noted work on the primitive laud plants. 
Bower (1935) concluded “ . . . that on the one hand apical segmentation, 
and on the other morphological definition whether external or internal are 
distinct processes, each of which is determined by the apical region as a 
whole and not by its segments.” This concept may indeed be applicable to 
meristems other than that of the shoot apex and may serve as a trustworthy 
guide in a study of the meristem which gives rise to the sporangium. 

SUMMARY 

The microsporangium of Pseudotsuga is a superficial structure and the 
generally accepted concept of a hypodermal origin for the sporangium in 
gymnosperms is open to question. The sporangium cannot be traced to a 
single cell or group of cells, It has an ontogeny similar to that of the lower 
tracheophytes, and, unlike the angiosperm mierosporangium, is at no time 
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invested, by a protoderm or epidermis genetically continuous with that of the 
shoot. Bower's concept that a relationship exists between stratification of the 
shoot apex and stratification of the young sporangium is borne out by this 
study. 

Department of Forestry. University of British Columbia 
Vancouver, British Columbia 
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A SPECIES OF HARPOSPORIUM INVADING ITS NEMATODE 
HOST FROM THE STOMA 

Charles Drechsler 1 

In 1874 Lohde (3) briefly described a liyphoinyeete that he found grow¬ 
ing parasitieally on numerous eel worms belonging to a species of Anguillula. 
To this hyphomveete he applied the binomial Harposporium Anguillulac; 
tiie generic term then presented for the first time having reference to the 
eresoentically curved, sickle-shaped eonidia which the fungus produced ter¬ 
minally on delicate sterigmata arising singly from peculiar round protuber¬ 
ances formed laterally on the liyphal branches or hvphal prolongations that 
were extended from the multicellular mycelial filaments, from 2 to 4 in num¬ 
ber, passing through the animal's body. As the report of Lohde’s findings 
gives only few intimate particulars and lacks all mention of measurements, 
it would seem to serve far better in establishing the genus than in defining 
a species. Descriptive details were very adequately provided by Zopf (4) 14 
years later in a well illustrated account of a nematode parasite he held iden¬ 
tical with Lohde’s. The globose sporiferous cells, which in conformity with 
usage prevailing at the time (1, p. 65; 5, p. 1114) he designated as basidia, 
were stated by Zopf to vary in diameter from 2.5 to 3.6 p; the sterigmata 
were represented as mostly being shorter than the diameter of the globose 
parts; the crescentic eonidia were set forth as being 1-2 p thick and as 
measuring 7-13 p along the chord connecting the two ends. From correspon¬ 
dence with these structures and with the chlamydospores which Zopf found 
developing in the assimilative hypliae within the animal, it is clear that 
this later author dealt v\ith the same fungus that in my cultures has been 
more abundantly destructive to nematodes than any other hyphomveete 
attacking these animals parasitieally rather than in a predaceous manner. 
Occasionally I have encountered Harposporium material which, though bear¬ 
ing crescentic eonidia, and in general conforming to Lolule’s account, ap¬ 
pears alien to the ubiquitous species so accurately made known by Zopf. 
Thus, in a maizemeal-agar plate culture that had been planted with decidu¬ 
ous leaf mold collected on Polish Mountain about 10 miles east of Cumber¬ 
land, Maryland, early in July, 1935, numerous nematode larvae were found 
undergoing destruction by a minute Harposporium whose globose sporifer¬ 
ous cells measured only 2.3-2.6 p in diameter, while its sickle-shaped eonidia, 

3 Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Moils, and Agricultural Engineering, Agricultural Research Administration, 
t r . 8. Department of Agriculture; Plant Industry Station, Reltaville, Maryland. 
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Figs. 1-5. Harpoeponuiti byxmatoxporim, drawn to a uniform magnification with the 
aid of a camera luetda; x 1000, Fig, 1, Conidium of fungus shown lodged in stoma of 
living animal host (Bhabditts gp.); the spore has pushed a nanw germ tube through the 
stomatal lining and given rise within the fleshy body wall to a young assimilative hypha. 

2, 3. Longer assimilative byphae, both still in unseptate unbranched condition; each 
shown arising laterally from a conidium lodged in anterior portion of the stoma of the 
living animal host. Fig. 4. A still longer assimilative hypha shown arising laterally from 
a conidium lodged in the stoma of the living nematode host; this hypha has laid down 3 
crosswalk, and is putting forth a branch. Fig. 5. Dead body of animal host with a long 
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borne on single sterigmata about 1.3 p long and 0.6 p wide, measured only 
about 0.8 p in width and 3-4.5 p along the ehord between the pointed ends. 
To determine whether this form and certain other forms with crescentic 
conidia belong to H. Anguillulae Lohde emend, Zopf, or whether they repre¬ 
sent species distinct from it, will require further accessions of relevant mate¬ 
rial. Much less difficulty is offered by various forms which give rise to conidia 
not typically crescentic, yet which in their parasitism on eelworms, in their 
sporulating habit, and more especially in the globose shape of their sporifer- 
ous lateral cells (phialides) reveal unmistakably a congeneric relationship 
to H . Anguillulae . In an earlier paper (2, p. 793-800) 1 have described three 
such forms as separate species under the binominals H. helicoides, ff. oxy- 
coraevm, and H . diceraeum. To these may now be added a fourth species 
which likewise produces conidia of a very distinctive shape other than 
crescentic. 

The species in question came to light in a maizemeal-agar plate culture 
which after being permeated with mycelium of Pythium arrhenomanes 
Drechsl. had been further planted with several pinches of partly decayed, 
friable barley (Hordenm vulgare L.) straw collected near Greeley, Colorado, 
early in October, 1945. As the fungus was not observed until 47 days after 
the addition of the decaying straw its earlier development must have taken 
place more slowly than that of most hyphomycetes subsisting parasitieally 
on eelworms. Its attack was confined evidently to sharp-tailed eelworms 
which w’ere held referable by Dr. (». Steiner to a single species of Rhabditw, 
However, as the manner of infection displayed by the fungus appears about 
equally well adapted for other species of Rhabditis , the likelihood of a wider 
host range is not to be dismissed. 

Infection is found accomplished always by the germination of a single 
coil id him lodged in the anterior portion of the animars tubular stoma; the 
spore having very probably reached this place of lodgement through the 
sucking action whereby the members of the genus Rhabditis ingest their 
food. The individual nematodes that have become gagged by intake of a 
spore seem usually to abandon their leisurely manner of locomotion and in¬ 
stead w ill hurry on at their greatest speed; their energetic deportment then 
recalling the violent locomotion more usually observed in nematodes of the 
genus Wilmnema. Close observation of gagged animals is, of course, im¬ 
possible w’hile their hurried movement continues. Microscopical examination 
was carried out conveniently on preparations made by transferring a sizable 

assimilative filament extending lengthwise through it; the filament bears 11 branches, of 
which 7 have given rise externally to the coaidiophorous prolongations u*g; s, phialide 
bearing a simple sterigma with an unusually large conidium; t, phialide bearing a 
sterigma with one branch; u, v, phialides bearing single sterigmata with two branches; 
w-y, phialides, each bearing two separate sterigmata; z, phialide witli 2 sterigmata, one 
of them simple, the other bearing a single branch. 



560 


bulletin of the torrey club 


[Vou 78 


slab of agar from the Petri plate culture to a glass slide and covering it with 
a cover-glass; the movement of eehvorms in such preparations being grad¬ 
ually halted, apparently from suffocation, everywhere except near the 
periphery of the mount. Among nematodes thus brought to quiescence, 
gagged specimens an* readily detected by noticeable distension of the an¬ 
terior portion of the stoma, and by the presence of a partition separating 
the expanded stomatal region from the unmodified posterior region (figs. 
1-4). The curious partition represents obviously the spore membrane at the 
more deeply inserted end of the conidium. As a rule the membrane at the 
opposite end of the conidium invites Jess attention, since it usually lies ap¬ 
proximately in alignment with the frontal profile of the animal’s head and 
therefore often merges more or less with the outline of the stomatal orifice. 
The lateral portion of the conidial membrane is generally found so snugly 
appressed to the lining of the stoma that it no longer can be distinguished as 
a separate wall, though its presence is betrayed through prouounccd thicken¬ 
ing in the contour bounding the distended portion of stoma. 

Once the conidium is seated securely in the stoma of the nematode it puts 
forth a single germ-tube from a position near its more deeply inserted end. 
This germ-tube, mostly about 1 p wide, penetrates the stomatal lining to 
enter the fleshy tissues of the head. Sometimes it widens out almost, imme¬ 
diately to a diameter in excess of 2 p (fig. 1), but rather more often such 
widening is delayed until a length of about 5 p has been attained (figs. 2-4). 
The crooked course frequently taken by the young infective germ-tube, as 
also the visible accumulation of yellow material around it, gives the iuipres 
sion that at the beginning invasion meets with resistance from the affected 
tissues. Occasionally after widening out the invading hypha may elongate 
narrowly for some little distance a second time (fig. 2). Whatever impedi¬ 
ment may cause this initial inconstancy of width soon becomes inoperative, 
and thereupon the hypha elongates at a diameter of about 2.5 p to make its 
way lengthwise through the fleshy body into the tapering tail until it stops 
growth perhaps within 25 or 30 p from the pointed caudal tip (figs. 5. 6) 
In most of the smaller eelworm hosts, certainly in most eehvorms measuring 
less than 250 p in length, only a single main assimilative filament is pro¬ 
duced ; the total absorptive system being, however, augmented substantially 
through the development frequently of more than a dozen lateral branches 
at intervals varying from 5 to 100 p. While the brauches do not usually attain 
lengths in excess of 25 p within the animal, most of them participate in 
further development by narrowly perforating the host integument to extend 
a conidiophorous 'prolongation outside. With the continued expropriation of 
host materials required to sustain development of reproductive apparatus 
externally, the assimilative hyphal system emerges into view more and mor<* 
clearly. It is then revealed as mostly varying in width between 2.5 and 3.5 p, 
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and tus being divided by cross-walls into segments 5 to 25 p in length (figs. 
5-7). As the fleshy host contents approach exhaustion—the firm muscular 
oesophages and oesphagea! bulb remain recognizable longest, but after a 
time melt away like the softer tissues—the mycelial segments become pro¬ 
nouncedly vacuolate (figs. 6, 7). When at last the host contents have vanished 
entirely, the assimilative elements undergo complete evacuation in continu¬ 
ing to supply the reproductive apparatus. 

The conidiophorou# hyphae (figs. 5, a-g; 6, a-f; 7. a-e) of the fungus 
closely resemble those of the ubiquitous Jlarpospar turn Anguillulae, They 
are mostly extended procumbently if the animal host happens to die on the 
surface of the agar culture. If, on the other hand, the animal dies well under 
the surface of the agar, they develop readily in submerged positions. They 
mostly vary in length from 15 to 40 p, ami in width from 2 to 3 p; the shorter 
examples often containing only 2 axial segments (fig. 6, b), while the longer 
ones frequently contain 5 such segments (figs. 6, f; 7, a) and sometimes a 
greater number. All axial segments except the terminal one are of generally 
cylindrical shape, and each of them is beset laterally with globose cells in 
numbers varying commonly from 2 to 6. Most usually the spherical cell bears 
a single delicate sterigma together with which it makes up a phialide having 
tin* shape of a narrow-necked Florence flask (fig. 5, s; fig. 8). The terminal 
segment of the conidiophorous hypha serves directly as a phialide, being 
provided most frequently with a single apical sterigma. As the terminal 
phialide often has a somewhat prolate venter it approaches in outward shape 
the more familiar gradually tapering phial ides that among hvphomycetes 
parasitic on nematodes occur in members of the genera Acrosialagmm, 
('ephalmporium, ami Spicaria (2). 

Although the larger number of phialides bear individually only a single 
unbranched sterigma, this single sterigma in more than a few* instances gives 
off a branch and thus comes to be provided with 2 sporiferous tips (figs. 5, t; 
7, o-y). Occasionally the sterigma gives off 2 branches, thereby acquiring 3 
sporiferous tips (fig. 5, u, v). Sometimes 2 sterigmata arise from the same 
venter, either close together (figs. 7, z; A) or from well separated positions 
(figs. 5, x, y; 10, a); and more rarely 3 sterigmata are borne separately (fig. 
10, b). Three sporiferous tips are found present also in scattered instances 
where 2 separate sterigmata have been produced, one remaining simple while 
the other has given off a branch (fig. 5, z). 

It seems probable that phialides with plural sterigmatie tips may bear 
a larger number of conidia than those provided with only one tip. In undis¬ 
turbed condition, strongly vacuolated phialides with single unbranched 
sterigmata are commonly found bearing individually a cluster of from 4 
to 6 conidia in more or less parallel arrangement (fig. 11). The conidia are 
of bizarre shape in some degree reminiscent of the conidia of Harpoaporium 




Figs. 6-13, Hatpoiponum bymalotporum, diawn to a uniform magnification with the 
aid of a camera lucida; * 1000. Fig. 6. Dead body of nematode host (Rhabditu sp.) 
with a long assimilative hypha extending lengthwise through it; 0 of the 7 lateral hyphal 
branches present have given rise externally to the eonidiophorous prolongations a-f, which 
bear phialides fnrni&ed uniformly with single unbranehed sterigmata. Fig. 7. Median 
portion of dead animal host, showing 6 branches coming fi om the main assimilative 
hypha $ five of the branches have given rise externally to the eonidiophorous prolongations 
a-e; o-y, phialides furnished with single sterigmata, each of which bears one branch; t, 
elongate terminal phialide with two sterigmata arising from its apex. Fifl. 8. Globose 
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diceraeum. A narrow, recurved, miuute basal pedicel is directed at an acute 
angle to the main cylindrical portion of the spore, Proximally the spore 
bulges out rather markedly toward the side opposite the pedicel. At the 
distal end it often widens perceptibly, the contour here usually bulging 
slightly less toward the pedicel side than toward the opposite side. On the 
whole the conidia appear to be somewhat larger than those of H. diceraeum , 
their length varying mostly from 4.5 to 6.5 p, and their width, measured in 
the unmodified median region, varying from 0.8 to 1.4 p (fig, 12). Here and 
there relatively massive conidia are found measuring 1.5 to 2.1 p in mediau 
width (figs. 5, s; 13), 

It may be presumed that the curious modifications in the form of conidia 
represent features adapting them for lodgment in the stoma of the host 
animal. Such lodgment obviously affords a much more secure foothold on the 
eelworm than could ordinarily be provided through adhesion to the integu¬ 
ment, being wholly unaffected by any brushing action brought about by the 
movement of the nematode through materials of harsh texture. Among con¬ 
generic forms Harpmporium dicerannn would seem most likely to be simi¬ 
larly adapted for stomatal infection, as its conidia are of size and shape 
whereby they might fit snugly in the stoma of its usual nematode host. 
Plectus parvus Bastian. The possibility of stomatal infection in H , diceraeum 
is hardly to be considered disproved by the single instance of infection from 
an externally adhering conidium which I happened to observe and which I 
took occasion to illustrate (2, p. 798, fig. 7, A). In any ease the curious adap- 
tational features developed by the Colorado fungus in relation to its manner 
of attack may be appropriately signalized in a specific epithet compounded 
in part of a term meaning “plug.” 

Harposporium bysmatosporum Dreehsler, sp. nov. Mycelium nutritum 
incoloratum, septatuni, iutra vermicuJos nematoideos viventes evolutum, 
saepe ex unica hvpha filiformi 150-300 p longa (quandoque in pluribux 
hyphis ejusmodi) et pluribus (vnlgo 5-15) ramis conxtaus; hvpha et ramis 
in eellulis 5-25 p lougis 2.5-3.S p erasxis eonxistentibus. Hyphae fertiles post 
mortem auimalis extra corpus evolutac; submersae vel repentes, plerumque 
simplices, rarius parum ramosae, septatae, in axe ex 2-6 eellulis eonstantes, 
saepius 15-40 p longae, 2-3 p crassae, hie illie ramulos conidiferos (phialas) 
globosos 3-4 p erassos ferentes; his ranmlis conidiferis saepius unico sterig- 
mate quandoque 2-3 sterigmatibus praeditis; sterigmatibus plerumque aim- 


phialide with a single unbranched storigma to which is attached a full-grown conidium. 
Fig. 9, Terminal phialide with two wimple sterigmata arising from its apex. Fig, 10. 
Terminal portion of a conidiophorous hvpha, showing a terminal phialide, a, with 2 
sterigmata, and a lateral phialide, b, with 3 separate sterigmata. Fig. 11. Median portion 
of a conidiophorous liyplm, showing 4 lateral phialides -which have produced clusters of 
conidia; the number of spores in a group varying from 4 to 6 . Fig. 12. Random assort¬ 
ment of conidia, showing usual variations in size and shape. Fig. 13. Conidia of more 
than usual size. 
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plicibtia, 2-4 p longis, circa 0.8 p erassis, subinde 1 vel 2 ramuaeulis inatruc- 
tis, vulgo 4-4> eonidia apice deinceps gignentibus; eonidiis continuis, 
ineoloratis, ad,formam ossi laeerti (umero) paulum similibus, deorsum in 
minutum pedicellum oblique recurvis, sursum rotundatis et saepiua plna 
minusve dilatatis, plerumque 4.S-6.5 p longis, 0.8-2.1 p erassis, quando- 
cuaque ab vermiculo nematoideo singulatim sumptis stoma animalis obturan- 
tibus et inde hypham germinationis in corpus ejus intrudentibus. 

Vermioulos nematodeos specie Rhabditis necans habitat in stramento 
(foliis acere caulibusque) Hordei vulgaris putreseenti prope Greeley, Colo¬ 
rado. 

Assimilative mycelium colorless, septate, growing within living nema¬ 
todes, frequently consisting of a single main filamentous hypha 150 to 
300 p long (sometimes of several such hyphae) together with lateral branches 
numbering commonly from 5 to 15 and measuring from 5 to 25 p in length; 
the hyphae and branches being composed of segments mostly 5 to 25 p long 
and 2.5 to 3.5 p wide. Conidiophorous hyphae, after death of animal host, 
formed in the surrounding or on the underlying material, with respect to 
their main axis mostly simple, more rarely somewhat meagerly branched, 
divided mostly by 1 to 5 cross-walls, measuring usually 15 to 40 p in length 
and 2 to 3 p in width, bearing laterally here and there globose conidiiferous 
cells (phialides) mostly 3 to 4 p iu diameter; these cells commonly provided 
with a single sterigma, though occasionally provided with 2 or 3 separate 
sterigmata; the sterigmata usually simple and usually measuring 2 to 4 p 
in length and 0.8 p in width, but occasionally bearing 1 or 2 branches. 
Conidia commonly formed in clusters of 4 to 6, continuous, colorless, some¬ 
what resembling the human upper-arm-bone in shape, at the base recurved 
obliquely into a minute pedicel, at the distal end rounded and often notice¬ 
ably widened, usually measuring 4.5 to 6.5 p in length and .8 to 2.1 p in 
median width, wherever sucked in by a host nematode stopping up the ani¬ 
mal stoma, and then intruding a germ tube into its fleshy body. 

Destroying nematodes referable to Rhabditis sp., it occurs in decaying 
straw (stems, leaves, and chaff) of Hordram vulgarc near Greeley, Colorado 

C. S. Department of Agriculture 
Beltsville, Maryland 

Literature Cited 

1. Bary, A. de, Vergleiehende Morphologic und Biologic dor Pilze. 1-558. Leipzig. 1884. 

2. Drechaler, C. Bonn* hyphomyeetes parasitic on free living terrieolouB nematode*. 

Phytopathology 31: 773^802, 1941. 

3. Lohde (Georg), T T ober einige neue paraHitiache Pilze. Tagehl. Vcrunnunl. Dent. 

Naturf. n. Acrzte 47: 203-206. 1874. 

4. Zopf, W. Zur Kenntniss der Infections Krankheiten niederer Thiere und Pflanzen, 

Nova Acta Ix*op.-Carol. I)euts. Acad, Naturf. 62: 314-376. 1888. 

5. -- Die Pilze. In Schenk, A. Handbuch der Botanik 4: 271-781. Breslau. 


1890. 



BULLETIN OF THE TORKEY BOTANICAL C.L U B 


Yo h , 73, No* 6 , pp. 563-509 


November, 1946 


ANOMALOSICYOS, A NEW GENUS IN CUCURBITACEAE 1 

Howard Scott Gentry 

lu the determination of recent Sinaloan collections a small eucurbi- 
taceous vine appeared to be generioally anomalous. Although clearly related 
to Sicyos it possesses characters atypical of the genus as known in North 
America. The latest monograph of Sicyos is that of Cogniaux published in 
1881 (J)(\ Monog. Phanerog. 3: 869-899). His later work on the Cueurbi- 
taceae (Pflanzenr. IV, 275. 1916-1924) did not reach the tribe Sicyoidae. In 
tlie former work his section of Sicyos , Atractocarpos , characterized by 
“Flores feminei solitarii rarius geminati. Fructus compressus, saepius fusi- 
formis, pericarpio teuui,would include the Sinaloa plant under considera¬ 
tion. Section Atractocarpos includes six South American species, which, ex¬ 
cept those with flattened fruits, appear to show no common difference 
from the Sinaloa plant, which has a nearly terete fruit. All of these species 
form a distinct and clearly related assemblage characterized by reduced 
anthers and slender, fusiform, solitary or geminate, iong-peduneulate fruits. 
Because the name Atractocarpus is preoccupied by a grass genus and is 
likewise identical in etymology with Atractocarpos , it is not available for 
what is t'Iearly a genus worthy of separation from Sicyos, 

Anomalosicyos Gentry, gen. now Herhae annuae, seandentes, glabrae 
vel pubescenti-seabriuseulae; folia membranacea, angulata vel lobata; cirrhi 
2-U-fidi; flores nionoiei, parvi vel miuuti; masculi raeeinosi; ealycis tnbus late 
canipanulatus. dentibus 5 parvis remotis subulatis vel vestigialibus; corolla 
rotata vel subearapanulata, 5-partita, segmentis triangulari-ovatis, cum 
ealyee omnino confluentibus; stamina 2 vel 3, fundo ealycis inserta; fila- 
mentis in eolnmnam brevem conuatis; antherae ad apicem columnae sessiles 
in capitulum connatae, loeulis arcuatis; flores feminei in eadem axilla cum 
inflorescentia mascula solitarii vel geminati, peduneulati; corolla tubiforma 
rotata; staminodia nulla; ovarium lineari-fusiforme, rostratum setosum, uni- 
loculare; stylus brevis, gracilis, stiginatibus 3 papillosis; ovuluin unicum, ex 
apice loculi pendulum; fructus parvis, imleliiseens, lineari-fusiformis, teretis 
vel compressus, longe pedunculatus, pendulus; semen loculo conforme, testa 
membranacea. Species typicus, Anomalosicyos barbatns . 

Anomalosicyos barbatus Gentry, sp, nov. Herba scandens; eaulis 
ramique graciles, striati, sparse glandulosi-puberulentes, ad nodos pilis 
longis albis praediti; petiolus 2-4 cm. longus albi-pubeseens, piliolis inter- 
dum glanduliferis; folia membranacea, lata eordata, 5-8 cm. lonpa, 7-10 cm. 
lata, apiculata subtiliter denticulata, ad basim late emarginata, 3-5-lobata 
lobis late triangularis, omnibuis lobis aristatis, sparse seabri-puberulenta; 

1 PuM. No. 839 from the Pepartmeat of Botany, University of Michigan. 

m 
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pH*. 1. Anomaloswyos batbatm; A, habit, / 0,5. B, fruit, y 4.0, C, fruit opouod to 
show ovule, y 2.4, 
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cirrhi graciles 3-fidi; pedunculi filiformes, 6-7 cm. longi, ad apicem leviter 
puberulentes; pedicelli glabri 7-10 mm. longi; £ flores minuti, albi, cam- 
panulati; corolla 3 mm. alta, 4 mm. lata, intus glandulosi-hirtella, segmentis 
ovati-triangularibus, 1.5 mm. longis, leviter hirtellis; sepala vestigialia; an- 
therae 2 vel 3, exsertae, loculis flexuosis arcuatis; $ pedunculi filiformes, ad 
basim sparse glandulosi-pubeseentes, fructifer 3-5 cm. longus; $ corolla 2 
mm. alta, 3 mm. lata, segmentis ovati-triangularibus, 1 mm. longis, intus 
glandulosi-punctatis; sepala minuta, viridia; pedicelli fructiferi 5-10 mm. 
longi, aculeis basalibus 5-12 mm. longis, barbartis; fructus 2-3 cm. longus, 

2- 3 mm. diuiu., t'usiformis; pcricarpimn tcnuissimiim, barbatum, aculie ca. 

3- 6. acicularis. 5-12 mm. longis. , 

Typus : Gentry 6600,“ Las Mesas, Sierra Surotato, Sinaloa, Mexico, Sept. 
15, 1941,” in herb. T T niv. Mich. Dupla in herb. Stanford Univ., Inst. Biol. 
Mex.. X. Y. Bot. Qard., Harvard Univ., Mo. Bot. Gard., Gpntry, Univ. Ariz. 

The fruits examined are nearly mature and are apparently indehiscent 
since the hypantbium, ovary, and ovule tissues are fused with the seed coat 
ami a Tine of abscission is clearly apparent at the base of stalk joining the 
peduncle. Such a structure, together with the barbules of both the pericarp 
and the spinoid prickles, indicates that it is adapted to carriage and dis¬ 
semination by animals. 

In habit this plant greatly resembles the many small species of herbaceous 
cucurbit vines so numerous through the moist habitats of the tropics and 
subtropics. Unlike many of these, however, its appearance is singidar because 
of the curiously shaped, gracefully hanging and delicately formed fruits. In 
tficyos the fruits are flattened-ovoid, densely prickly, and borne in rather 
dense capitate dusters or corymbs, so that the two genera can readily be 
separated at sight. Anomalosinjos might more easily be confused with 
Echinocystis or Echinopepon on superficial examination, since these latter 
have echinate, dryish, hanging fruits, but they are larger and more densely 
prickled, to mention the most obvious differences. On the whole, the Cueurbi- 
taceae require microscopic floral examination for generic segregation, since 
distinct genera may have the same habit and might be carelessly placed in 
a single species. 

Anomalosicyos barbatus forma lobatus Gentry, forma nov. Folia pro- 
funde 5-lobata. lobis ovati-laneeolata, aristatis. Typus : Gentry 6600-A, “Las 
Mesas, Sierra Surotato, Sinaloa, Mexico, Sept. 15, 1941,” in herb. Univ. 
Mich. Dupla in herb. Gentry, Univ. Ariz., Mo. Bot. Gard., Harvard Univ., 
X. Y. Bot. Gard. 

This form differs from the typical form of the species only in the deeply 
lobed leaves and was collected in the same small canyon not 50 feet distant 
from the former. The fruits and the flowers show no taxonomic&lly signifi¬ 
cant differences. The difference in leaf appears attributable to a segregating 
Mendelian factor. Many species in other genera of the cucurbits are known 



FIG. 2. A, 15, AnomahsivifOb burbatux; female corolla and mule corolla with < Mi weed 
antber cells, respoctrvch , > 15. C, AnomaUmeym< baibatu^ foimit iobaim; balnt 'licming 

deeply lobed leaves; x 0.5. 
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to vary considerably in the form and especially in the dissection of their 
leaves. Cogniaux rather consistently detailed them as varieties, in accordance 
with the practice of his times. 

The allied South American species are as followst 

Anomalosicyos fusiformis Gentry, comb. nov. ^ icy os f uniform is Cogn. 
in Mart. PI. Bras. fasc. 78 : 108. pi. H4 . Described from collection taken near 
Rio de Janeiro, Brasil. 

Anomalosicyos Martii Gentry, comb. nov. $ icy os Martii Cogn. in Mart. 
PI. Bras. fasc. 78 : 109. Brazil; Prov. Minas Gcraes and Rio de Janeiro. 

Anomalosicyos palmatilobus Gentry, comb. nov. $ icy os pal mat il ohm 
Cogn. in DO. Prodr. Phanerog. 3: 891. 1881, “Ad fluvium Daule prope 
Guayaquil.’ ’ 

Anomalosicyos quinquelobatus Gentry, comb. nor. Sicyos quinquelo- 
batus Cogn. in Mart. PL Bras., fasc. 78 : 109. “In sylvis Brasiliae prope 
Bananal prov. S. Paulo. “ 

Anomalosicyos macrocarpus Gentry, comb. nov. Sicyos macrocarpus 
Cogn. in DC. Prodr. Phanerog. 3: 893. 1881. Mont. Chimborazo / Ecuador?) ; 
Venezuela; “prope coloniam Tovar.” 

Anomalosicyos Andreanus Gentry, comb. nov. &icyo% Andrcauns 
Cogn. Bui. Acad. Belg. 11. 49 : 200. Ecuador; Mont. Chimborazo, 339 in. 
elcv. (Andre 3996). 

Department of Botany, University of Michigan 
Ann Arbor, Michigan 
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NOMENCLATURE NOTES AND A NEW SPECIES 
OF CUSCUTA 

T. 6. Yuncker 

Cuscuta colombiana Yuncker, spec. nov. ('allies tenuissimi, marees- 
centes et ad postremum evaneseentes ex iufloresoentiis. Fiores plus minusve 
earnosi, circa 1.5 mm. longi ab floris basi ad eorollae sinus, pediculis 
plerumque longioribus quam floribus. Inflorescentia panicuiato-cymosa 
fonnansque fasciculos. Calyeis lobi ovato-laneeolati usque oblongi, acumi- 
nati, plus minusve se diffundentes. Curollae eampanulati, papillati ad basim, 
lobi ovato-laneeolati, acuuiinati. Stamina paene tam longi quam eorollae 
lobi. Squamae usque ad stamina, oblougae aut spatulatae, fimbriatae. Stvli 
tenues, longiores quam ovarium globosum. Capsule depresso-globosa, ad 
postremum circumscissilis. 



Fig. 3. Cuxcuta colombiana Yuncker. A , flower, » 12; B, opened corolla, * 12; C. 
opened calyx, / 32; Z>, young capsule, * 12; M, scale, « 24. 

Specimens examined, Colombia, Dept. Magdalena; Open grass-land at 
Alto de Minas, alt. about 300 m., on Enphorbfa sp., October 10, 1944, Oscar 
Haught no. 4i00 (type, in U. S. Nat. Herb.); on drying herbs, vines and 
under-shrubs, near Riohacha, alt. 30 m., Dee. 24, 1944, Oscar Ilaught no. 
4536 (U. S. National Herbarium). 

This species appears to belong in the subsection Urabellatae of section 
Bugrammica and is mostly closely related to C. yracillima Engelmann and 
C. tocchamta (Engelm.) Yuncker of Mexico and Central America. It is 
noteworthy because of the dense, globose clusters up to 3 or 4 cm. in diame¬ 
ter, and the marked cup and saucer appearance of many of the flowers 
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caused by the spreading calyx lobes. No matured capsules were observed 
but the immature fruit gave evidence of eventually breaking away near the 
base in an irregular line of circumscission. 

It differs from C, saceharata because of its smoother flowers and from 
C. graciUima because of its shorter stamens and styles and from both be¬ 
cause of the spreading calyx lobes. 

Recently Dr. T. H. Kearney raised the question relative to the proper 
authority for the name Cuscuta californica, which has been commonly cred¬ 
ited to Choisy who published it in the Memoires de la Society de Physique 
et d’Histoire Naturelle de Geneve 9 : 279, 1841-42. Hooker and Arnott used 
the same name for the same species on page 364 of their Botany of Captain 
Beechey’s Toyagt, dated 1841. Choisy’s paper carries the notation that it 
was communicated January 21, 1841, which would appear to be the reason 
for assuming that Choisy had priority. In checking to determine the exact 
dates of publication of these two papers, I am indebted to Dr. H. W. Rickett 
who states that Choisy’s paper very probably did not actually appear until 
1842 and also that the part of Beechey’s Voyage containing page 364 came 
out in 1838. This clearly indicates that Hooker and Arnott have priority 
as authors for the name of this common western species. 

In 1935 I published (Bull. Torrey Club 62: 512) a new variety of 
Cuscuta deltoidca Yuncker under the name serridata. Later (ibid. 69 : 542, 
1942), I described and figured Cuscuta scrruloba as a new species. At that 
time I did not recognize the relationship of this new species with my formerly 
described variety. More abundant material has recently come to hand, how¬ 
ever, which shows that they are the same. The evidence for specific rank is 
also strengthened, so this plant should now be known as Cuscuta scrruloba 
Yuncker. 

DePauw University 
Greencastle, Indiana 
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DALEA EMPHYSODES, AN INVALID NAME 

Robert T. Clausen 

Mr, F. J. Hermann has kindly brought to my attention the fact that 
Psoralen emphysodes Jacq., on which the combination Dalea emphysodes is 
based, is a later synonym of Psoralea carthaginensis Jacq. Enum. Syst. PL 
Carib. 27 ( 1762 ). Killip (Jour. Wash. Acad. Sci. 26: 359. 1936 ) indicated the 
essential synonymy of this species and published the combination Parosela 
carthaginensis. Unfortunately, I overlooked Killip’s publication, also Mao- 
bride’s paper (Field Mus. Pub. Bot. 13 s : 375. 1943) in which he made the 
combination D. carthaginensis. The three subspecies which I recently desig¬ 
nated under D. emphysodes should now be transferred to D. carthaginensis 
(Jacq.) Maebride, with the nomeuclaturally typical subspecies, with the 
lobes of the calyx straight, to include Psoralea emphysodes. 

Dalea carthaoinensis subsp. typica R. T. Clausen, nom. nov., based on 
Psoralea carthaginensis Jacq. loc. cit. The synonymy is listed under 1). 
emphysodes subsp. emphysodes (Jacquin) R. T. Clausen, Bull. Torrey Club 
73: 85 (1946). I). trichocalyx Ulbricb possibly also should be included here. 
I am purposely using the epithet typica in order to abide by recommendation 
18 under article 30 of the Internationa] Rules of Botanical Nomenclature, 
which states that botanists should avoid giving a new epithet to any sub¬ 
division of a species which includes the type either of a higher subdivisional 
name or of the specific name. They should either repeat that epithet, w’ith or 
without a prefix, or use one of the customary epithets, typicvs, genuinus, 
originarius, etc. Since the use of the subspecific epithet emphysodes here 
would violate this recommendation because it is based on a type different 
from that of the specific epithet, also since the use of emphysodes would 
create ambiguity, thus violating article 4 of the Rules, the designation of the 
typical subspecies as typica seems justified. 

Dalea carthaginensis subsp. domingensis (1)C.) R. T. Clausen, comb, 
nov., based on Dalea domingensis DC. Prodr. 2: 246 (1825). The synonymy 
is listed under D. emphysodes subsp. domingensis (DC.) R. T. Clausen, loc. 
dt. . 


Dalea carthaginensis subsp. thyrsiflora (A. Cray) R. T. Clausen, comb, 
nov., based on Dalea thyrsiflora A. Gray, Proc. Am. Acad. 5:177 (1861).'The 
synonymy is listed under D. emphysodes subsp. thyrsiflora (A. Cray) R. T. 
Clausen, loc. cit. 

Department of Botany, Cornell iJNiVERsiTY 
Ithaca, New York 
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THE ROLE OF CERTAIN ENVIRONMENTAL FACTORS 
IN GROWTH AND REPRODUCTION OF PROTO¬ 
SIPHON BOTRYOIDES KLEBS—I. RACES. 

STRAINS AND CLONES 1 

Sister Maria Laurence Maher, I.H.M.* 

Adjarof in 1905 noted that the lower organisms and especially the green 
algae lend themselves to the most varied experiments. They have attracted 
the attention of botanists either from the point of view of the conditions of 
their nutrition or the relations between nutrition and the modifications of 
internal and external morphology, and also because of the importance of 
the organisms in the development of the species-concept. 

< Protosiphon Klebs is a genus of Chlorophyeeae which is included in the 
Chlorococcales by West and Fritsch (1927), Printz (1927), Brunnthaler 
(1915) and Oltmanns (1922). Setchell and Gardner (1920), West (1916) 
and Bold (1933) prefer to include it among the Siphonales. Protosipkon 
lends itself to experimentation to an exceptional degree because of the 
readiness with which it responds to changes in environment and the certainty 
with which a given form or stage can be evoked. 

Moewus (1933, 1935a, b) reached interesting conclusions regarding the 
effect of certain environmental factors on this as well as on some other organ¬ 
isms. Twenty-two of the experiments performed by him (1935b) on Proto- 
siphon were analyzed by Philip and Haldane (1939) who calculated that 
“if every member of the human race conducted a set of experiments of this 
type daily, they might reasonably hope for such a success once in fifty thou¬ 
sand million years.” They state that one alternative to the hypothesis of 
chance is the presence of a wholly new type of biological regulation that 
controls the frequency of segregation with extreme sharpness and that this 
applies to three segregations in two species. The other is that the author lias 
consciously or unconsciously adjusted his observations to fit hie theory. 
They suggest that the importance of the work for the theory of sex-determi¬ 
nation calls for a repetition of the work by an independent worker. Sonne- 
born (1941) says that the failure of Pringsheim and Ondrafek (1939) in 
their attempt to coufirm certain points of the work of Moewus, their numer- 

i This work will appear in three parts; a Hat of literatuve cited will be found in 
part III. 

a The author is indebted to Dr. Harold C. Bold who directed this study. 

Publication of the illustrations was assisted by the Lueien M. Underwood Memorial 
Fund. 
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ous criticisms, the criticisms of Philip and Haldane (1939), internal incon¬ 
sistencies in the data listed by Moewus, and the great theoretical importance 
of the work make an independent repetition of it an urgent need. 

The present study is not an attempt to repeat completely the work of 
Moewus, but it is a step that should be helpful when such an attempt is made. 
The objective was to study the effect on the growth and reproduction of 
Protosiphon of various environmental conditions with a view to determining, 
if possible, optimum cultural conditions. The influence of such factors as 
temperature, age of cultures, and the hydrogen-ion concentration of media 
on gamete formation have been considered, and some attention has been 
given to factors that induce conjugation. 

MATERIALS AND METHODS 

Origin of Races. The Protosiphon -race designated by B was kindly sup¬ 
plied by Dr. Harold C. Bold from the material used by him in his work 
on the life history and cytology of Protosiphon (1933). Moewus (1933) also 
employed this race in some of his experiments. 

Soil samples were obtained from Syracuse, N. Y.; Scranton, Pa.j Vir¬ 
ginia and Nebraska. Cultivated soil from the surface layer was taken at 
various times of the year. From such a sample, about 5 g. of soil were added 
to 40 ml. of sterile nutrient solution in a 50 ml. flask. The flasks were plugged 
with cotton stoppers and allowed to stand near a window or in artificial 
light until there was visible green color On the sides. With the aid of a 
binocular dissecting microscope with lenses giving a magnification of 60 
diameters, and very fine platinum needles, algae were removed to solid 
nutrient media. At first many species of algae were present but as soon as 
the characteristic thalli of Protosiphon appeared, they were separated from 
the other varieties by means of platinum needles, So that unialgal cultures 
were secured. Transfers were repeated until Bacteria and other fungi were 
eliminated. A quicker method is to tease out coenocysts from sacs with fine 
dissecting needles (Schramm 1914). The coenocysts are then washed with 
agar of 1 per cent concentration and transferred to fresh agar. It was found 
that eoenocysts could be washed and transferred with platinum needles more 
readily from agar than from water. Absolutely pure cultures were used in 
the experiments. The purity was tested by microscopic examination and by 
growing the cultures from time to time on media containing glucose or inulin. 

Isolation of Clones. The progeny of a single plant (cell or sac) (fig. 
lfl) is called a strain. A sac from a strain culture was placed in a drop of 
djatilled water on the surface of nutrient agar in a Petri dish. The dishes 
were subjected to a temperature a few degrees above that of the room until 
the contents had formed motile swarmers which had not yet escaped. This 
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requires about four to six hours depending on the temperature and the 
condition of the plants. Such a sae is then picked up with a platinum needle 
and drawn over the surface of agar in a Petri dish; as a result of such 
manipulation the sac is ruptured and the gametes are spread out on the 
surface and are unable to conjugate. A thin layer of agar was used so that 
with the aid of a microscope the position of some gametes could be marked 
and their development kept under observation. Unfused gametes begin 
development more quickly than zygotes and, with 0.125 per cent glucose 
added to the nutrient agar, they were large enough in four or five days to be 
transferred easily to individual plates of nutrient agar. Bold (1933) has 
demonstrated that the potential gametes (swarmers) each contain one 
nucleus. The culture that develops from a single unfused gamete is called 
a clone or clonal culture. 

Tn this study absolutely pure clonal cultures have been used exclusively. 
For convenience in referring to them, they have been assigned a letter to 
designate the source. Moewus (1935b) applied the term race to the plants 
dbtaiued from a given locality and it is used in the same way in this paper. 
The figure preceding the letter is the number of the strain and the figure 
following the letter is the number of the clone from that strain. For example, 
1B2 refers to the second clone taken from strain 7 of the Bold race. The 
Marvwood race designated by AI was taken from soil collected in Scranton, 
Pennsylvania. Cultures taken from soil samples collected in Syracuse, Nca\ 
York, are marked S X ami V refer to cultures from Nebraska and Virginia. 

Optimum Cultural Conditions and Media. Pyrex glassware was used 
exclusively. Petri dishea, flasks, and test tubes were first washed with sulfuric 
acid-potassium dichromate mixture. Bacteriological technique wps employed 

Optimum development of the sacs in all the strains was secured at a tem¬ 
perature of 19° 0 or below. Higher temperatures particularly when com¬ 
bined with excessive moisture evoke continuous formation of gametes, and 
a corresponding lack of large, well developed sacs. It was found necessary 
to keep the cultures in a cool place with a light source similar to that de- 
seribed by Bold (1936). 

Uniformly good results were secured when Protosiphon was cultured in 
Bristol’s solution (1919) modified bj T substituting dipotassium phosphate 
for some of the monopotassium phosphate in the original formula. This gives 
a solution that has a lower hydrogen-ion concentration than one prepared 
according to the original formula. The formula employed is as follows: 

K*HP0 4 0,3 gram Nad 0.1 gram 

KH,PO, 0.7 gram Cad* 0.1 gram 

NaNOs 1.0 gram IHstiHed water 1000.0 ml. 

MgSO* 0.3 gram 

One drop of 1.0 per cent FeCl 3 solution was added to each liter of the 
medium, and 2 ml. of minor elements solution (Craig & Trelease 1937), as 
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well as 1 ml. of molybdie acid solution (30 mg. of 85% molybdie acid in 1000 
ml of distilled water). Three volumes of water were added to one volume 
of this medium so that the concentration used is 0.06 per cent by weight- 
volume. The water was redistilled through a Pyrex glass condenser. 

Whenever not otherwise stated, two series, one in solid media and the 
other in liquid media were set up for each experiment. Six Erlenmeyer flasks 
of 50 ml. capacity and each containing 40 ml. of solution were used for the 
experiments with liquid media. In later experiments, because it was found 
more convenient for centrifuging, 35 ml. of liquid media were used. Six 
slants containing the same solution as the flasks, solidified with 1.5 per cent 
agar were used as a parallel series. 

Plants for inoculation were taken from cultures grown for two weeks 
on modified Bristol’s solution described above and solidified with 1 per cent 
agar. One loopful of the plants was streaked on each slant and one loopful 
was added to each flask. 

Growth on agar was estimated by gross appearance and by measuring 
one hundred sacs with an ocular micrometer, Color changes from green to 
red indicate that the plants have stopped growing and are forming eoeno- 
cysts. 

Observations were also made as to the size and appearance of sacs grow¬ 
ing in liquid cultures. An arbitrary set of color standards was set up and 
the color intensity recorded as 1, 2, 3, etc. The total quantity of growth in 
liquid was determined by centrifuging and measuring with the aid of gradu¬ 
ated tubes (hematocrit method). 

REVIEW OF LITERATURE 

Klebs (1896) and Moewus (1933, 1935b) among others have published 
extensive accounts dealing with the influence of the environment on repro¬ 
duction and on sexuality in Protosiphon. Their observations, in so far as 
they bear on the present study, have been summarized in tabular form 
(tables 1, 2). Their disagreement on such points as the influence of concen¬ 
tration of the medium and temperature on gamete formation and fusion is 
apparent from a comparison of tables 1 and 2. 

Oltma n n a (1922) stated that gametes can be formed in about three hours 
at 20°-26° C, but that they do not copulate if the temperature is increased 
to 26° or 27° C. He reports that coeuoeysts are formed by such causes as 
drying of the substratum, intensive sunlight and increasing temperature. 

Moewus (1933) reported a series of experiments with residual gametes 
of Protosiphon botryoides. The presence of zygotes on slides to which single 
sacs had been transferred indicated that the organism is monoecious. A num¬ 
ber of plants were placed singly in each of ten Boveri dishes. Zygotes were 
formed and remained on the bottom of all the dishes and nnfused gametes 
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gathered on the lighted side. Them continued to be motile for 15 hours. Dur¬ 
ing this time unfused gametes from the dishes were combined in all possible 
ways. The residual gametes from seven dishes were found to be of one sex 
and those from the other dishes belonged to the other sex. Fusion occurred 
when gametes of unlike sexes were combined. Moewus interpreted this as 
indicative of physiological differentiation in an alga with phenotypic sex 
determination. 

i 

TABLE 1. Effect of environmental factors on the growth and reproduction of Proto- 
siphon botryoxdes as reported by Klebs (1X96). 



Effects on 

Factor 

Vegetative growth 
and formation of 
coenocysts 

Gamete forma¬ 
tion 

Conjugation of 
gametes 

Concentration 
of nutrient 
solution 

In dilute solution cells 
were globular or club- 
like in form. Best de¬ 
velopment in 1.0% nu¬ 
trient solution. 

Transferring cells to 
water or to fresh nu¬ 
trient solution of 0.4% 
or even 1.0% caused 
swarmer formation. In¬ 
creasing the concentra¬ 
tion slowed the process. 
Adding 1.0% to 2.0% 
sucrose accelerated it. 

Took place readily in 
water, was retarded when 
concentration was in¬ 
creased. Very slow in 
1.0% inorganic solution, 
1.0% sucrose or of many 
other sugars accelerated 
copulation. 

Light 

In weak light, cells re¬ 
mained small and there 
was no separation of 
lobes and branches by 
septa. Bright sunlight 
hastened the formation 
of coenocysts and was 
requisite for their for¬ 
mation if the cells were 
in pure water, 

Dim light or darkness 
induced swarmer for¬ 
mation in growmgcells. 
Light hastened the for 
mation of swarmers 
from coenocysts. 

Conjugation was re¬ 
tarded by darkness. 

i 

1 

i 

i 

\ 

f 

Temperature 

Increase of tempera- j 
ture promoted forma¬ 
tion of coenocysts when 
food supply was siif- j 
ficient. 

Time required de¬ 
creased gradually from 
24-48 hours at 4M>° C 
to 2 $-3 hours as the 
temperature increased 
to 23°-26° C. At low 
temperatures the pro¬ 
cess coutinned for 
many days. 

Temperatures of 26°- 
27^ C rob swarmers of 
ability to conjugate. 
Swarmers formed at 0 6 ~ 
1° C conjugated but those 
brought from the warm¬ 
ing oven to lower tem¬ 
peratures did not. 


Later (1935b), Moewus worked with eleven races of Protosiphon that 
were obtained from different localities. Some of these were monoecious-and 
others dioecious. In some cases he reported that sex determination was geno¬ 
typic and in others phenotypic. He states that the B (Bold) race is dioecious 
and that the gametes of a single clone never fuse. When germinating zygotes 
with eight nuclei were transferred to agar and allowed to form zoospores, 
four of the clones obtained from such a zygote were negative and four were 
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positive. He reports that reduction takes place when the zygote germinates 
and with it sexual segregation in a ratio of 1:1. He used the + and - gametes 
of the B race to teat the sexuality of the other races studied. He states, in 
a footnote, that it was not determined by Bold (1933) that this same race B 


TABLE 2. Effect* of environmental factor* on the growth and reproduction of Proto • 
siphon botryoidea (from Moewus 193$, 1935b), 



Effects on 

0 

Factor 

Vegetative growth 
and formation of 
coenocysts 

Gamete forma¬ 
tion 

Conjugation of 
gametes 

Concentration 
of solution 

Largest sacs were pro¬ 
duced in 0.5% Kolk- 
witfc’ solution with 
0.7% agar. On li% 
agar the cells remained 
small and tended to 
produce coenocysts. 
Lack of food and lack 
of water induced for- 
mation of coenocysts. 

Gametes were produced 
in tap water* distilled 
water, 1.0% Kolkwit*’ 
solution and 1.0% Sor- 
bit solution. 

Copulation in all solu¬ 
tions in which gametes 
werd produced and in 
solutions with concentra¬ 
tions twenty times 
higher. 

Light 

* 

Cultures grew equally 
well in artificial light 
or in natural light 
from a window. 

No effect. Gametes 
formed in four or five 
hours in light or in 
darkness. 

No effect. Gametes copu¬ 
lated in darkness as in 
light if other conditions 
were satisfied. 

Temperature 

Temperatures over 

110° 0 accelerated for 
mation of coenocysts. 

No effect on time re 
quired for gamete for 
mation. Between 7° V 
and 28* C gametes \iere 
always produced in 
four to fl\o hours after 
plants were transferred 
to liquid. 

All swarmers could copu¬ 
late between 2° C and 28° 
C (1933). At tempera¬ 
tures higher than 18°- 
39° C an increase in the 
number of f residual 
gametes (1935a). 

pH 

Good growth between 
pH 4.5 and pH 9.5. 

# 

In acid media more 
than - gametes were 
produced. In alkaline 
media, more - gametes 
were produced. With 
culture and gamete for¬ 
mation at pH 7, and & 
temperature of 18° to 
19° C equal numbers of 
f and - gametes were 
produced. 

Following culture and 
gamete formation at pH 
4.5, there was little con¬ 
jugation and most of the 
residual gametes were f. 
At pH 7,0, there was 
much conjugation and the 
temperature determined 
whether the residual 
gametes would be + or 
Below 18° C, - gametes 
were more numerous, 
above 18° C, + gametes 
were more numerous. 


was genotypically dioecious, and suggests that a mutation may have taken 
place. He reports that the material was in bad condition after shipment and 
states that many races of Protosiphon easily undergo mutation of sex. 

The basic problem of sexuality according to Sonnebom (1941) is whether 
the copulating or conjugating cells regularly differ from one another. Fritsch 
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(1935) states that fusion between the gametes of the same parent individual 
is rare. If this be true, then the majority of iaogamous algae are dioecious. 
If the copulating gametes are not diverse physiologically, then any two 
gametes can copulate with one another, but if they are regularly diverse, 
there must be at least two kinds of gametes with copulation between gametes 
of different types. 

Pringsheim and Ohdracek (1939) attempted an experiment with residual 
gametes of Protosiphon. They used plants that were from three days to two 
months old. Plants were transferred to a number of different solutions and 
the dishes placed in window light, in artificial light, in darkness and then in 
light. The results were always the same. In the first hours there "were few 
gametes. Gradually they became more numerous and copulation began while 
additional gametes were being formed. On the following morning, in all the 
dishes, there were gametes in group formation and zygotes. The whole* 
process was long and continuous and there were no residual gametes. Prom 
the same dishes gametes were transferred on the following day to distilled 
water in each of ten dishes. (Jametes collected on the lighted side of the 
dishes and after from six to seven hours, there was strong copulation. After 
a few more hours, there were only a few swarmers and no residual gametes. 
Pringsheim and Oudracek suggest that residual gametes are left over only 
when the conditions for copulation are unsuitable. They were unable to con¬ 
firm Moewus’ (1935) results. 


OBSERVATIONS 

Character of the Races. As a preliminary to the study of the influence 
of individual environmental factors, a comparative study of the various 
races was undertaken. The observations are summarized in tables 3. 4, and 5. 

The B Race. The general features of the structure and reproduction 
of Protosiphon botryoides have been made known through the studies of 
t'ienkowski (1855), ltostafinski and Woronin (1877). and lvlehs (1896). 
The life history and cytology were worked out by Bold (1933). 

Protosiphon hotnjaides Klebs is found associated with Botrydivm on 
damp soil. Under suitable conditions, the aerial jHirtiou of a single plant may 
extend 0.5 mm. above the surface of the substratum with the unbranched 
rhizoid penetrating the soil to a depth of 1 mm. The aerial portion may be 
branched, bat the subterranean rhizoid is u^branehed, in contrast with that 
of Botrydivm. 

The central part of the thallus is occupied by a large central vacuole or 
a series of vacuoles. These are surrounded by a layer of protoplasm that 
becomes very thin in the colorless rhizoidal part. The plant is uninucleate 
only during reproduction. It becomes multhuicleate very early in its develop¬ 
ment and the nuclei are distributed between the plasma membrane and the 
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tonoplast. Pyrenoids are present both in the peripheral and the deeper pro¬ 
toplasm. The protoplasm of young thalli and young coenocysts is character¬ 
istically vacuolate. “ 

Reproduction is accomplished by separation of lobes and branches from 
young parent plants, by septa, and by formation of gametes from thalli and 
from coenocysts. The gametes can grow directly into new plants or they may 
fuse in pairs to form thick-walled zygospores. The zygospores may develop 
after a period of dormancy into new thalli. Gametes that are not liberated 
from the parent plant develop walls within it and by their growth into thalli 
eventually rupture the mother thallus wall. 

Under conditions of drought and bright sunlight, the thallus protoplast 
segments into multinucleate coenocysts. These, after a period of time that 
depends upon the cultural conditions, develop a red pigment. With moderate 
moisture, the cysts can develop directly into thalli; if submerged in water 
they will form gametes. 

It has been pointed out by Bold (1933) that it is difficult to induce 
gamete-formation in very young plants, but that those grown on agar for 
12-15 days invariably produce them when the thalli are submerged in water. 
The protoplast becomes less vacuolate and more densely green and granular. 
The protoplast shrinks and the pyrenoids are obscured; the contour of the 
surface appears lobed and folded and the protoplast is divided into small 
segments by progressive cleavage. During these changes there is no nuclear 
division, but preceding the final division of the protoplast, one or two nuclear 
divisions take place. After this final biphrtition, the segments withdraw from 
each other, increase slightly in size and develop into gametes. Two equal 
flagella develop from a deeply staining granule, the blepharoplast, that 
appears between the plasma membrane and the nucleus. The pyrenoid may 
disappear during gametogenesis and be formed de novo after the gamete 
comes to rest 

When first liberated, the gametes may be globose, but they soon become 
spindle-shaped. A few attain the length of 11 p but the majority are between 
3 and 6 p in length. Both ends are colorless and pointed. Newly formed 
gametes often have what appear to be pieces of protoplasm attached to the 
posterior end (figs. 1-3); these arc gradually lost during motility. Some 
have a hyaline droplet at the posterior end (fig. 4). A pyrenoid may or may 
or may not be present, but all the gametes possesses a red eyespot. The two 
flagella are about as long as the body. Gametes tend to collect near the edge 
of a drop and to become angular by mutual contact (fig, 14). They collect 
in a similar way on solid media and the pole not in contact with the sub¬ 
stratum enlarges in a direction perpendicular to the surface of the medium. 

As the gametes swim about, many become attached to one another by the 
flagella and begin to fuse in pairs. The completely fused gametes may con- 
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tinue motile for some time and during this period they exhibit the same 
phototaetic and aerotactic responses as the unfused gametes with which they 
intermingle at the odge of the drop. Stigmata and contractile vacuoles are 
present in double numbers when the zygotes come to rest, but they even¬ 
tually disappear. The zygotes form a thick wall and become star-shaped 
zygospores. When the zygospores are transferred from an old culture to 



Fig*. 1-3. Diagrams of zoospores of Protosiphon with bits of protoplasm attached to 
the postenor end. Fw. 4. Diagram of a zoospore with a hyaline droplet at the posterior 
end. Fig. 5. Graph to show cell size and growth of sacs from clones of different races of 
Protosiphon grown on 0.06 per cent Bristol’s solution solidified with 1.5 per cent agar. 
Length of sacs from clone: 


without inulin 


53/3 > ’ 

2A r 6 ” 
6*S3 

2F7 ” 


7 7 
7 7 

7 7 

♦ 1 


■a- HB2 wdth inulin 

*- 5V3 “ “ 

m _ 2.V6 “ “ 

-•— 6S3 “ “ 

. 2V7 (i lt 


fresh media, their coutents swell and the thickening of the wall becomes 
less apparent as the cells increase in size. After the outline becomes more 
regular, growth is greater along one axis; the zygospore becomes sac-shaped 
and develops into a typical thallus. 

Coenocysts arise by the centripetal growth of furrows that originate at 
the plasma membrane, and progress through the cytoplasm. Zoospore forma¬ 
tion in either red or green coenocysts is essentially the same as for the thalti. 
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These observations made by Bold (1933) were confirmed in the present 
investigation of the same race. 

Oiker Races. Two series of clonal cultures from the B, M, N, $ and V 
races were set up under identical conditions for comparative study. The 
medium was modified Bristol’s solution. Six flasks each with 35 ml. of liquid 
and six slants with the same medium solidified with 1.5 per cent agar were 
used for each clone. The same medium in both solid and. liquid form, but with 
the addition of 0.5 per cent inulin, was used for the second series. 

Data for the cultures grown on solid medium are summarized in table 3 
and figure 5. Table 4 summarizes data for cultures grown in liquid media. 

TABLE 3. Cell size in clones from different races of Protosiphon grown at a U mptra- 
ture of 17° C, on 0.06 per cent Bristol's solution solidified with 1.5 pet cent agar. 


A. Without inulin 


Clone 

Mean length of 100 sacs aftei 

6 days 

12 days 

38 days 

23 din s 

SB2 

0.12 mm. 

0.3 mm. 

0.5 mm. 

0.62 mm. 

sm 

0.08 mm. 

0.13 mm. 

0.13 mm. 

0.14 mm. 

2JV6 

0.05 mm. 

0.08 mm. 

043 mm. 

0.13 mm. 

ess 

0.08 mm. 

0.24 mm. 

0,25 mm. 

0.37 mm. 

2V7 

0.10 mm. 

0.38 mm. 

0.40 mm. 

0.40 mm. 


B. With 0.5 per cent inuhn 


8B2 

0.12 mm. 

0.35 mm. 

0.72 mm. 

g 

a 

1 c 

1 

5M3 

0.09 mm. 

0.15 mm. 

0.15 mm. 

045 mm. 

2 m 

0.08 mm. 

0.17 mm. 

0.22 miu. 

0.22 mm. 

ess 

0.11 mm. 

0.35 mm. 

0.35 mm. 

0.35 mm. 

2V7 

0.21 mm. 

0.28 mm. 

0.31 mm. 

0.37 mm. 


The sacs from clone 8B2 were longer than those from any of the other 
clones. Sacs with a length of 0.72 mm. measured from 0.05 to 0.07 mm. at 
the widest part thus being from ten to fourteen times as long as their greatest 
diameter. From one-fourth to one-sixth of the length of the sacs contained 
chlorophyll and the remainder consisted of clear rhizoidal portion (fig. 6). 
Practically all of the sacs of clone 8B2 as well as those of all the other clones 
that were grown on inorganic medium contained coenocysts after 23 days, 
white many in the solutions with inulin were still in vegetative condition. 

Sacs from clone 51f3 (fig. 7) are always much shorter than those from 
the B race. The mean length of sacs from clone 54f3 was less than one-fourth 
the mean length of those in 8B2. Some cells did not elongate but remained 
spherical. When the plants are grown at a temperature above 19° (’. spher¬ 
ical cells are more numerous than they are at lower temperatures. Kesults 
with regard to comparative size of sacs were similar regardless of the medium 







TABLE 4, Growth of clones from different races of Protosiphon in Q.0€ per cent 
Bristol f s solution (liquid form) at a temperature of 17 0 


A* As determined by volume of centrifugate 




pH 

Color 

intensity 

Volume centri¬ 
fuged from 
one dusk 

Clone 

Medium 

At begin¬ 
ning of ex¬ 
periment 

At end 

8B2 

0.06% B. 

6.8 

7.0 

1+ 

0.04 ec. 


0*06% B. 

4* inulin 

6.5 

7.0 

o 

0.05 cc. 

sm 

0.06% B. . 

6.8 

7.5 

1 

0.03 ce. 


0.06% B. 

+ inulin 

6.5 

7.4 

1 

0.03 ec. 

2X5 

0.06% B. 

6.8 

7.2 

1 

0.03 ec. 


0.06% B. 

+ inulin 

6.5 

7.2 

1+ 

0.03 cc. 

6S3 

0.06% B. 

6.8 

7.4 

1 

0.03 cc. 


0.06% B. 

+ inulin 

6.5 

7.4 

1 + 

0.03 ce. 

2P7 

0.06% B. 

6.8 

7.4 

1 

0.01- cc. 


0.06% B. 

+ inulin 

6.5 

7.4 

l 

0.02 ee. 


B, As determined microscopically 


Clone 

Medium 

Obset rations 

HH2 

0.06% B. 

The sacs were nearly all in vegetative condition. Many 
cells were spherical and many were thin sacs 0.75 mm. 
long. Gametes were present, also a few zygotes. 

' 

0.06% B. 

Vegetative sacs were 0.6 mm, long. Gametes were pres- 


4 inulin 

ent but no zygotes were observed. 

5.1/7> 

0.06% B. 

Most cells were spherical. Gametes and a few zygotes 
with four to six points were observed. 


0.(16% B. 

As in the culture without inulin, cells were spherical, 


4 inulin 

but there were fewer zygotes. 

2.V6 

0.06% B. 

Many single eoenocysts were present. Zygotes were not 
numerous. Most of them had four or five points. 


0.06% B. 

Most of the cells were small and contained single 


+ inulin 

eoenocysts. Zygotes were less numerous than in inorganic 
medium. 

6N.I 

0.06% B. 

Most of the cells were small and contained single 
eoenocysts. A few sacs were 0.25 ram. long, a very few 
zygotes were present. 


0.06% R. 

Racs 0.35 mm. long in vegetative condition fairly nu¬ 


4 inulin 

merous. Home spherical cells in vegetative condition and 
with a diameter of 0.1 mm. Some zygotes with four, five 
and more points. 

2P7 

0.06% B. 

Masses of zygotes with four, five or more points. There 
were few' vegetative cells and this seems to account for 
the relatively small amount of centrifuged material. 


0.06% B. 

Zygotes extremely numerous, with four, five and eight 
points and a diameter of 5 to 10 microns (fig. 17). 
One sac filled with zvgotes was found in this culture 


4* inulin 


. 

(A«. IB). 


• pH at the beginning of this experiment wus determined eolorimetrically, the deter¬ 
mination at the end was made by use of a glass electrode. 













Photomicrographs of Protosiphon, taken with a Leitz “Macca” camera. Figs. 6-8 
and 10-13 x 100. Fig. 9 x 50. Figs. 14, 15, 17 x 675. Fig. 16 x 440. The thalli were grown 
on 0.06 per cent Bristol ’s solution at a temperature ot 16°~19° C. Fig. 6. Sacs from 
done 8B1 grown for two weeks cm medium solidified with 1 per cent agar. Fig. 7, Baca 
0.13 mm. long from clone 5113, grown 18 days on medium with 1.5 per cent agar. Fig. 
8. Sacs from clone SM3 with coenoCysts (from the same culture as sacs shown in figure 7) 
after 23 days. Fig. 9. Sacs 0.55-0.60 m long from 2N0 grown four weeks with 0.25 
per cent glucose and 1 per cent agar. Fig. 30. Sacs from done 6S3 grown for 12 days 
on medium solidified with 1.5 per cept agar. Fig. 11. Sacs from the same culture (6-83) 
as those shown in figure 10 after 18 days growth. Fig. 12. Sacs from 2F7 grown for 18 
dgys an medium solidified with 1.5 per cent agar. The sac in the center of the figure is 
*0411 Am* long and 0.16 mm. in diameter. Fig, 13. Sac with buds from 2F7 after 21 days. 
Fro* 14. Living swarmers from clone SMB produced when plants were immersed in 0.06 
per cent Bristol 1 * solution. Note the prominent eyespot. . Fig. 15. Swarmers from 2N6 
stainedwith iodine. Note the darkly staining inclusions. Fig. 16. A sac with zygotes 
frmma%?tee of 2F?growing 31 days in 0.06 per cent Bristol's solution (liquid). Fio* 
J7. Zjgoteaof various shapes and sizes centrifuged from the same culture of 2F7 as the 
#gure 10 . 
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used. Sacs from 752 were more than six times ss long as those from 5MB 
after cultures from both clones had grown for 25 days on 0.06 per eent 
Pringsheim’s solution solidified with 1 per cent agar. The addition of inulin 
did not make a significant difference in the length of sacs from 53f3 as it 
did in the case of 652 (table 3). In mature sacs of 5M3, eoenoeysts 40 p in 
diameter occupied most of the cell lumen (fig. 8). 

Cultures of 2A6, on inorganic medium, resembled those of 5M3. After 
six days most of the cells were spherical. Single eoenoeysts or sacs contain¬ 
ing one or two eoenoeysts were numerous after 12 days. After 18 days, most 
of the sacs contained eoenoeysts measuring from 25 to 28 p in diameter. 
With 0.5 per cent inulin, sacs from clone 2N6 were nearly twice as long after 
18 days as they were in inorganic medium. The effect of the addition of car¬ 
bohydrate to medium used for the growth of this clone was marked in a 
culture that was grown for four weeks on 0.06 per cent Bristol’s solution 
with 0.25 per cent glucose solidified with 1 per cent agar (fig 9). The mean 
length of 100 sacs in the culture with glucose was 0.42 mm. Approximately, 
half the length of the larger sacs was chlorophyll-bearing. The greatest 
diameter was from one-third to two-thirds of the length. Many spheres 0.12 
mm. in diameter and some larger ones up to 0.3 mm in diameter were pres¬ 
ent. 

Clone 6$U produced broad sacs (fig. 10) that did not grow as long as 
those from clone 852. Those in inulin had already reached their greatest 
elongation after 12 days. Those in inorganic medium grew' more slowly but 
the mean length after 23 days was slightly greater than for those with inulin. 
After 18 days, most of the sacs in both series of cultures contained eoenoeysts. 
Most of the eoenoeysts had a diameter of 30 p (fig. 11). 

Sacs of done 2V7 had a diameter that was from one-fifth to one-half 
their length (fig. 12). The distinguishing characteristic of this culture is the 
peculiar budding from the top and sides of the cells that became very notice¬ 
able after the plants were growing three weeks. This appearance has been 
observed in other cultures of this race but it has not been seen in cultures 
from other races. The buds (fig. 13) did not separate completely from the 
mother cell, but each one formed a group of eoenoeysts that was not in con¬ 
tact with the groups formed in other buds of the same plant or with the 
group in the mother plant. Coeneysts in this culture varied in diameter from 
20 to 40 p. 

The various races exhibit differences in the readiness with which they 
form gametes and in the structure of the gametes (table 5). A number of 
attempts to induce gamete formation by the M race showed that very few 
gametes were produced when the plants were immersed in liquid and kept 
at room temperature. Plants seventeen days old were immersed in 0.06 per 
cent Bristol’s solution and kept under observation for three days without 
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any evidence of gamete formation. Plants from the B race immersed in the 
same liquid and kept under the same conditions prod need many gametes; 
some gametes could always be obtained when plants in suitable condition 
Were immersed 1 in liquid and exposed to a temperature of 25°-29° C for 
4-6 hours. Under any conditions, however, gametes were never produced as 
rapidly from plants of the M race as from those of the B race. 

Gametes illustrated in figure 14 were obtained when plants of clone 5 M'A 
Were submerged in 0.06 per cent Bristol’s solution with the 'addition of l 
per emit sucrose. Six hours later many gametes were already conjugating. 
The prominent eyespot that distinguishes gametes of this race can be seen 


TABUS 5. Summary of data concerning gametes from different clones of Protosipko » 
botryoides. 


Clout? 

Length Of 
gametes 

Presence 

of 

stigma 

Presence 

of 

pyrenoid 

Time re¬ 
quired for 
gamete pro¬ 
duction j 
under same 
conditions 

..- .. i 

Zygotes 

8 B2 


+ 


4-6 hrs. 

Produced readily. Zygotes with 
3-0 points. 

sm | 

1 

7-37 » 

i 

4 

(Very 

promi¬ 

nent; 

i 

4-0 lirs. 

1 

Gametes produced slowly and 
zygotes less numerous than in 
clones froth race /*. Zygotes 
with 4-0 points. 

2XG 

12-13 p 

4 

4,~ 

! 4-0 hrs. 

Produced fairly readily with 4— 
3 or more points. 

ire 

5-13 p 

4 


4-6 hrs. 

Produced more readily than in 
any other race. 4-8 points. 


* +, — Present in some but not in others. 


in the figure. The gametes varied in length from 7 to 17 g; individuals that 
measured 15 p in length appeared to be most numerous. No relation between 
size and ability to copulate could be seen. Individuals of the same size ami 
pairs of gametes differing greatly in length could be seen in all stages of 
copulation. No pyrenoids were observed when gametes of the M race either 
from organic or inorganic medium were staiued with itxline. 

Gametes were numerous five hours after plants from clone 2A6 29 days 
old were transferred either to water or to 0.06 per cent Bristol’s solution 
in depression slides. They were more numerous in depression slides kept at 
29° C for one and one-half hours than they were in slides kept at 22.5° 0. 
A number of deeply staining inclusions appeared when these cells were 
stained, with iodine (fig. 15). Some gametes from clone 1M that were pro¬ 
duced when plants were submerged in 0.06 per cent Bristol’s solution showed 
a pyrenoid when the cells were staiued with iodine and others did not. 

Gametes were produced five hours after plants from clone 683 were trails- 
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ferred to water in depression slides at a temperature of 22° C. They were 
much more numerous wheu the slides were kept at 29° C for one and one- 
half hours at 27° € for four hours. Zygotes were more numerous around the 
edges of the slides that were subjected to heat than they were in slides that 
were kept at a lower temperature. The length of the gametes varied from 7 
to 13 p. Staining with iodine revealed the presence of a pyrenoid in some 
cells but not in others. 

Gametes were produced very readily when plants from clone 1V6 were 
transferred to 0.06 per cent Bristol’s solution and kept at 22° C. Gametes 
15 p in length were numerous, but some measured only 5 p. Masses of zygote-, 
were present on these slides after 24 hours. 

These data indicate that various races of Protosiphon occur in nature 
which differ from each other in morphological and physiological details when 
cultivated under uniform environmental conditions. 

Biological Laboratory, Fordham Fniverstty 
New York 
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TORREYA 

Short Articles and Notes 

Tinian Plants Collected by R. So Cowan. Pacific Plant Studies No. 5. 1 

While serving in the armed forces of the United States, Richard Sumner Cowan was 
able to collect a few plants on Tinian, Mariannas Islands, even though enemy snipers 
were still active. These specimens are now deposited in the Bishop Museum, Hono¬ 
lulu. The following are noteworthy additions to the flora of Mieffcnesia. 

POLYPOD IA C KAE 

Cyclophorus lanceolatus (L.) Alst. (C, adnw&cem Desv.), epiphytic on trees, 
March 28,1945. New to Tinian. 

EUPHORBIA OEAE 

Jatkopha G088YPiFOLiA L., shrubby, dry cliff, April 10, 1945. New to Micronesia. 
This species was introduced from South America and was evidently cultivated or an 
escape from cultivation. It also now occurs in the Philippines and the Marquesas. 

VERRENACEAL 

Callioarpa cana L., dry beach, April 3, 1945. New to Tinian.—H arold St. John. 

New and Interesting Plant Records. The European masterwort, Impcra- 
toria oxtruthium L., is recorded in current manuals as being established in New York, 
Pennsylvania, Michigan, and Newfoundland. On June 9, 1946, a large stand of thi* 
plant, about half an acre in extent, was found in fields at Scotch Plains, Union 
County, New Jersey, H. N. Mofdevkr 1828b. 

The large yellow-flowered European vetch, Via a grand i flora var. xordidu Oriseb, 
has been found by Harry Ahles in an orchard and along margins of woods, com 
pletely naturalized, at Bedford, Westchester County, New York. The determination 
has been checked by Dr. P. L. Ricker, 

The same collector has recently found Prrsicaria tomento.m (Sehrank) Bicknell, 
a species with the lower leaf-surfaces densely pubescent, in ashes along a railroad 
track at Pelham Bay Park, Bronx County, New York, June 7, 194^ H. Able* 381 . 

In ToRrjey 41 : 192-198 (1941) I reviewed the history and occurrence of Pernio 
curia hngiseta (De Bruyn) Moldepkc in America from the date of its introduction 
in 1910 to 1941. Since the writing of that paper this species has bean found in several 
additional localities t October 14,1941—in waste ground, forming large colonies, very 
AoWy, New York Botanical Garden, Bronx Park, Bronx County, New York, JET. K, 
Moldenke 11892; September 8, 1942 — abundant in waste lots, Englewood, Bergen 

* This is the fifth of a series of papers designed to present descriptions, revisions, or 
records of Pacific island plants. The preceding papers were published as Oee. Pap. Bishop 
Miss. 17(7)/1942; 17(13), 1943; 18(5), 1945; Am. Fern Jour. 86: 87-89. 1945. 
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County, New Jersey, II. N. Moidenke 13887; -October 20, 1044—along the Bronx 
River Parkway near 229th Street, Bronx, Bronx County, New York, collected by 
Alma L. Moidenke, H , N. Moidenke 17063; September 3, 1945 — in waste ground. 
Watchung, Somerset County, New Jersey, H. N. Moidenke 17996; October 20,1945 — 
weed in gardens, Arden, New Castle County, Delaware, collected by Morris Berd, 
ff, N. Moidenke 18232; and Juno 9,1946—weed in cultivated ground. North Bergen, 
Hudson County, New Jersey, B. N. Moidenke 18287 . 

Mazus reptans N. E. Br. was found as a weed in lawns near Arden, New f Castle 
County, Delaware, June 1, 1946, H. N , Moidenke 18269, det. by F. W. Pennell. 

r eronico pereica Poir. has been found as a very common weed in lawns and culti¬ 
vated ground at North Warren and Sheffield, Warren County, Pennsylvania, H. N . 
Moidenke 17190 , 17191,17339 [cfr. Am. Midi. Nat. 35 : 376.1946]. On June 1,1946, 
it was again found, this time in lawns at Arden, New Castle County, Delaware, H. A T , 
Moidenke 18270 , det. F. W. Pennell. 

Ilartmannia speciomt (Nutt.) Small has been found occasionally as a waif in the 
eastern states in recent years. On June 15, 1946, it was found by Morris Berd at 
Arden, New Castle County, Delaware, growing as a weed in a garden, forming a 
small colony and apparently spreading (H. N. Moidenke J8299). 

Akrbia qmnata Decaisne was found in a thicket aloug a roadside near Cornwall, 
Orange County, New York, on May 6, 1946 (H. N. Moidenke 18235). The vines 
formed a very dense growth, completely covering the ground, smothering out all 
herbaceous vegetation, and covering all the shrubs and trees to a height of about 15 
feet. 

Rhaphanistrum inocuum \ar. album Corbiere wa^ collected by H. Ahles on June 
17, 1945, along the saltwater inlet near Bridge Road, Pelham Bay Park, Bronx 
County, New York (//. A\ Moidenke 1^29. 5). Its pure white flowers rendered it quite 
conspicuous among plants of the normal form. The collector states that both forms 
were observed m several other near-by localities, the white form sometimes quite 
abundant. 

Centaurea nigra var. radial a P. I)C. In the current edition of Gray's “Manual'’ 
(1908), page 861, this variety is recorded from “N. S. to Ont. and Pa." On July 10, 
1946,1 found it growing along a waste roadside by a vacant lot in the northern part 
of the Bronx, Bronx County, New York (H. N. Moidenke 18353). — Habold N. 
Moldenke. 

Another Station for Lactuca stolonifera. In Rhodom 44: 18.1942, Mr. E. 
J, Alexander reported the occurrence of the northeastern Asiatic Lactuca stolonifeva 
(A. Gray) Maxim, as a weed in lawns at flushing, Queens Co., New York, collected 
by Mrs. Ralph Stoddard, As a footnote to the same article the editors reported the 
same species as a “pest" in gardens at Media, Delaware Co., Pennsylvania, collected 
by Mrs. 8. P. Williams. On a recent field trip of the Torrey Botanical Club Lactuca 
stolonifera was found in considerable abundance as a weed in gardens and garden 
pathways and lawns at Arden, New Castle Co., Delaware. Specimens (H. N. Moidenke 
18239) are being deposited in leading herbaria.— Habold N. Moldenke. 
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Field Trip Reports 

May 4. Willowrbook Park, Staten Island. A total list of over forty species was 
compiled in the course of this study. In addition to those promised in the field schedule, 
Ranunculus Fioaria was an unusual plant seen in some abundance. A drive to the vicinity 
of Moravian Cemetary added many plants associated with the serpentine area then*. 
Leader, Mr. L. A. Ellison. Attendance, 6. 

May 4. Bowmans Hill Wildflowrr Preserve, New JR ope, Pa. The wild flowers and 
ferns of Pennsylvania have been brought together in this preserve with remarkable suc¬ 
cess. In spite of the rain much was learned about the plants and the problems of propa¬ 
gating them under these conditions. This was a joint outing with the Academy of Natural 
Sciences of Philadelphia. Leaders, Edgar T. Wherry and Louis E. Hand. Attendance, 
about 50 including 9 Torrey members and guests. 

May 5. Brooklyn Botanic Garden. There were many interesting features to be seen 
at this season. We regret that only one member topk time to see them. Our thanks to Mr. 
Charles Doney just the same. 

May 5. Watchung Reservation, Union Cocnty, N. J. This was the second annual 
nature conference held in this area. A rainy morning kept some easily discouraged people 
from joining the survey walks conducted by the able leaders: Ralph Carver, Mrs. Tollisoii, 
David Fables, George Johnson, Guy Nearing, and A. T. Beals, After lunch at the Museum, 
reports were called for and commented upon by Dr. Richard Weaver. The usual educa¬ 
tional displays at Trailside Museum were given much attention by visitors. General leader, 
James Hawley. Attendance on walks over 50, at the Museum estimated 500. 

May 5. West Park, N. Y. A visit to 4 ‘ Slabsides, * * the rustic cabin where John 
Burroughs spent much time writing, entertaining friends and studying nature lore. The 
cabin is situated in the midst of a mixed forest of hemlock, birch, lw?eeh, and butternut 
and has not been disturbed since Burroughs * time. 

Due to the rain the group was allowed to eat their lunch inside the cabin and observe 
at first hand the many evidences that Burroughs had a hobby of picking up odd-shaped 
growths to bo utilized in making his cabin comfortable and attractive. We saw bark- 
covered yellow birch logs used as partitions between the rooms and for the headboards 
of the beds; a table supported by a sumach tripod; a piece of cypress wood that he had 
dug up and used as a decorative piece over the doorway; odd shaped roots used for coat 
hangers; a log, strangled by bittersweet, used as a part of the structure over the fire 
place and other hand-made articles. 

The sun came out in the easily afternoon permitting short trips in the forest adjacent 
to the cabin to see, among other things, the cave where Mr. Burroughs kept liis food and 
where the phoebe, about which he wrote, built its nest year after year. Inspection of the 
plants along the trail to the spring produced yellow birch ( Betula lutea) y striped maple 
(Acer pennsylvanicum) , red berried elder (Sambucus race mom) , sickle-pod (Arabis cana - 
densis) y early blue violet (Viola palmata) and the rarer long-spurred violet (V. rostrata ), 
the latter forming large mats along the trail. Other blooming plants were sweet white 
violet (Viola blanda ), early saxifrage (Haxxfraga virginiensis), crinkle-root (Dcntaria 
diphylla), lyre-leaved rock cress (Arabia lyrata) i blue cohosh (Caulophylhtm thalic - 
troideq ), and columbine (Aquilegia canadensis). 

After informal talks by Mr. Julius Burroughs, son of John Burroughs, and Mrs. 
Kelly, daughter of Julian Burroughs, the group was invited to go to West Park to see 
4 * Rivpby ’ ’ and the 4 * Bark-covered Study.” John Burroughs named the stone house, 
which he built when he returned from Washington, D. C. following the Civil War, 
14 Riverby 9 * because it overlooks the Hudson River. Sometime iater he built the 4 4 Bark 
covered Study’ * on the same property but a little nearer the river where he could escape 
visitors and concentrate on his writing. After this place became too popular he retreated 
into the forest and built 4 4 Slabsides r * which is about a mile from his home on the Hudson. 
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Following the visit to the i 1 Riverby*' estate the people who wanted to do some 
more botanizing and birding were taken on further walk# by the leaders: Harold N. 
Moldenke and Farida A. Wiley. Attendance 46. 

May 11-32. Camp Thendara, Palisades Interstate Park, N. Y. Although the 
weather was not at its best, this trip was profitable and pleasant as always. Dr. Johnson 
reported a bird list of ovev 70 species for the two days, eomparing favorably with those 
of recent years. The botanical survey of the Appalachian Trail was pushed from I^ake 
Tiorati traffic circle to the fire break road east of Black Mountain, Along the dry ridge, 
the flora was neither extensive nor varied. A moist place at the start increased the list of 
plants. It was violet season. More impressive to some were the fine views from Black 
Mountain. Leader and hostess, Mrs. Laura W. Abbott. Botanist, Ixmis IS. Hand. Atten¬ 
dance 42. 

May 11-12. Arden, Delaware. All of the interesting things promised in the field 
schedule were produced ranging from natural plant communities to the beautiful gardens 
of Mr. Harry duPont. Excursions were conducted on both days and a long list of native, 
naturalized, introduced, and exotic species was compiled. Leaders, Mr. and Mrs. Morris 
Herd and Dr. H. N. Moldenke. Attendance: Saturday JO, Sunday 12. 

May 12. Woodlands Lake, Westchester Cocnty, N. Y. A circuit was made around 
the lake and south to Nepera Park in spite of the rain. Flowers were plentiful though 
for the most part not unusual. The rare find was the northern thyme-leaved speedwell 
(Veronica hvmifuxca Dickson) on the east side of Woodlands Lake, usually reported only 
from northern portions of the gtate. V. Chamactlryx L. was also seen in the woodlands. 
Thirty-three species of birds were listed, leader, William Bissanen. Attendance 5. 

May 17-19. Branchyille Nature Conperkncf at Culvers Lake, N. J. Under the 
joint management of Mr. Wallace M. Husk and Mr. James Hawley of the Summit Nature 
Club, wo returned to Culvers Lake for a very successful nature' conference. The lecture 
Friday evening vuts given by I)r. Meredith Johnson, State Geologist, on “New Jersey's 
Natural Resources. M Dr. Johnson took a large group afield on Saturday morning for a 
study of various rock exposures west of Kittatiny Ridge: Wisconsin glacial drift, 
Onondaga limestone, Esopus grit, Onskany limestone, High Falls formation, and Martins- 
burg formation. David Fables led bird walks mornings, forenoons, and afternoons. He 
gave an illustrated talk featuring bird calls on Saturday evening. Rill # * Hassler likewise 
was afield at all hours. He filled innumerable vivaria with reptiles and amphibia of the 
area, displaying nearly all of the forms to lx* expected hereabouts. Mr. Hassler gave an 
evening lecture illustrated with a beautiful movie in kodachrome which he had made with 
the cooperation of very able and obliging actors. Mildred Rulison led groups for flower¬ 
ing plants in different sorts of places while Mr. Herl>ert Dole scored the ferns. There was 
an interesting session on insects after lunch on Saturday and another after breakfast on 
Sunday. Ixmis E. Hand and John A. Small led three walks on the Appalachian Trail. 
These groups attempted to list all plants to be seen by hikers along these portions of the 
Trail, a list of over 150 species being compiled. The Appalachian Trail lecture was given 
Saturday evening with kodachrome stills of interesting spots between Mt. Katahdin in 
Maine and Mt. Oglethorpe 2050 miles away in Georgia, supplied through the courtesy of 
the Appalachian Trail Conference, 1916 Sunderland Place, N. W., Washington 6, D. 0. 

Eighty-.three were registered for the whole conference while about 20 others partici¬ 
pated to a lesser extent. An incomplete list of clubs represented includes: Mountain Club 
of Maryland, Palmerton (Pa.) Bird Club, Philadelphia Botanical Club, Watchung Nature 
Club, Garden Clubs of N, J., Westfield Bird Club, Union County (N. J.) Park Com¬ 
mission, Newark Museum Nature Club, Chatham Nature Club, Summit Nature Club, 
Audubon Society, and Linnean Society, but we should have especially liked to hear the 
report made by the representative of the Gourmet Society. 

Our thanks to nil the leaders, to Mr. and Mrs. Warburg and staff of Halter© Hotel, 
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including out friend# Hr. and Mm Haltere, and to Messrs. Hawley and Husk who 
apparently never slept. 

May 18. Silver La&e, Westchester County, N. Y. This rich woodland area lias 
been reported other years. Species attracting most attention were dwarf ginseng, blue 
cohosh, white baneberry, wild ginger, early blue violet, yellow violet (V. hastata ), bulbous 
cress, and the many other woodland species. Sixty birds were seen or heard. Leader, 
Farida A. Wiley. Attendance 8. 

May 25-26. Fine Barrens Canoe Voyage, N, J. The group assembled at Forked 
River and took a Saturday afternoon walk around the three lakes on the Tipper Fork, 
renewing acquaintance with the usual pine barrens plants. The beauty of the pitcher 
plant in full anthesis was most outstanding. Pine barrens heather was in flower. The 
earliest blndderworts and pipcworts brightened the bogs. Dinner at Greyhound Hotel can 
be appreciated only by those participating. 

Driving to Lake Oswego Sunday morning we traversed the tall pine oak forest, the 
plains, and skirted a cranberry bog. An obliging (to the photographer) pine snake and 
less obliging fence lizards were seen. Canoes were put in the Oswego just Mow the dam 
in Penn Forest. The cruise of neatly three hours to upper Martha bog and an hour and 
a half on to Harrissa after lunch was called pleasant by all. Bach canoe crew had its own 
opportunity to recognize the plants as we glided along on the current, sometimes pausing 
to compare notes and other times pausing with problems of navigation. No composite 
list was made but this was the season for dangleberrj and fetterbush, with now and then 
magnolia in flower. Several bogs, passed up in the uncertainty about time, invite us to 
a more leisurely return. Curly grass fern and Conrad *8 erowlierry were produced for those 
desiring to see these plants. Leaders, Louis E. Hand and John A. Small. Attendance 16. 

May 26. Springdale, N. J. for limestone inhabiting plants. “We didn’t see any¬ 
thing very remarkable but the flora in that district is always interesting. ” Leader, G. G. 
Nearing. Attendance 9. 

May 26. Watchung Reservation, Union County, N. J. The second annual open 
house for hikers found some dozen or more clubs represented. Hikes were offered in the 
Reservation for various objectives including the flora of the various habitats represented. 
Leaders, Mildred Rulison and James Hawley. There was a large attendance but no count 
of bikers or Torrey members is at hand. 

May 30. Morristown, N. J. Due to failure in connecting, this trip went off in two 
sections. The more interesting one was to the Great Hwamp where the matricary grape 
fern and a rare lichen (PleuiHdium sub via turn) rewarded the group in addition to an 
abundance of Viola lanceolata and V. pruntfolta. The estranged group took in all the 
features of the Morristown National Historical Park, including the nature trail and the 
old-fashioned garden at Tempe^ Wick’s house. Leader, Lois Wenraan. Attendance 14. 

June 1. Southern Portion or Staten Island. Although it proved too early for 
seeing lotus in flower a number of other things of interest were found. Mr. Napier sub 
stituted for Mr. L. A. Ellison as leader. Attendance 8 

Jjjne 3. Atlantic Beach, Long Island. This outing as guests of the Department 
of Natural History of Brooklyn Institute was devoted primarily to marine invertebrates 
of which some 31 species were seen. Several species of marine algae were worded. “This 
place is a new sandbar with rapidly shifting populations, this year for the first time the 
dunes are overrun with ragwort (Seneoio aureut).” Leader, Grace Peterson. Attorn 
dance 40. 

June 2. It rained too much for trail clearing so the announced leader failed to go 
hut you cannot rain out some botanists. Cladonla jlondana was found on the Appalachian 
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Trail where it follows Flatbrookvllle road. This is the only known collection of the species 
on the Trail except one at High Point. Leader, G. G. Hearing. Attendance 3. 

June 9. Washington Valley and Watohung Mountains near Plainfield, N, J, 
This walk through Wetumpka Notch included geology, ecological aspects, and various 
floral aspects along the way. A species list for this part of N. J. has been published by 
the leader as, * i Observed Flora of the Vicinity of Watchung, N. J. * ’ Leader, Harold N. 
Moldenke. Attendance 32. 


June 15-16. Lake Shehawkxn, Wayne County, Pa. “Everybody was enthusiastic 
and enjoyed the pleasure of new fields and woods. ’’ Leader, W. L. Dix. Attendance 32. 

June 15. The Children's Garden, Brooklyn Botanic Garden, “These Torrev 
members were a pleasure to have for they were pretty enthusiastic about what they saw— 
the out-of-door laboratory with about 200 youngsters under foot but all having a good 
time . 91 Leaders, Prances Miner and Barbara Bhalucha. Attendance 5. 

June 16. Kirrrna Park, Queens, N. Y. “We followed the list of the Brooklyn 
Botanic Garden Leaflet of Pee. 1936 entitled, 'The Rare Trees and Bhrubs of Kissena 
Park, Flushing, L. 1., N. Y.’ and found most of the trees mentioned. Borne seem to have 
disappeared and the paths have been changed somewhat by the W.P.A. .The swamp 
adjacent is being filled in and we bad hopes of finding specimens there but not any more. 
After Kissena Park, we went to see that giant weeping beech about a mile or so away 
and found it doing well." Leader, William Rissanen. Attendance 12. 

June 23. Haskell, N. J. There were thirteen on this trip and it appears that four of 
them were kept busy finding trails, identifying specimens, answering questions generally, 
and pointing out things of interest. No wonder the trip was called successful. Our thanks 
also to the North .Jersey District Water Supply Commission for their permission to cross 
normally restricted property. Lenders. Albert and Vivian Kehatz. 

Juki- 23. Hopewell Village and Falls of French Creek, Chester Co., Pa. Joint 
trip ns guests of the Academy of Sciences of Philadelphia. Several stops were made for 
interesting studies of bird life, geology and minerals. Three botanical forays were made. 
ConophoUn ammeana, Ltpan h htvfoha , Pyrola a mr nr ana , BrutrUarta pilosa, Dryoptena 
Bootti f and Vryopttnn Slostionat (-7). marginal** < />. cnstala) were among the features 
reported. Two fern students listed 21 species in the course of the trip. Of something over 
100 participating, 4 were recognized from the Torrey Club. Leader, for T.B.C., 
Louis Hand. 

June 30. Van Cortlandt Park and Westc hester Co., for general nature explora¬ 
tion. Plants, butterflies, and even a box turtle came up for consideration. Leader, Eleanor 
Friend, attendance 11. 

July 6. Great Bwamp, Morris Coi nty, N. J. Various areas were traversed the most 
exciting plant discovered was Qphioglotxum vulgalvm. Leader, G. G. Nearing. At¬ 
tendance 9. 

July 7. Bokdentown, N, J. Beveral remarkable specimens of woody plants were ob¬ 
served at the Bonapart Estate and at the farm of the late Charles Conrad Abbott. Leader, 
Mr. Charles R, Moorhead. Attendance 10. 

July 13. West Orange, N. J., to visit fern garden. “The ferns were in fine con¬ 
dition except for some of the taller ones that had been broken during a recent thunder 
storm. One each of every species and variety had l>een tagged with markers for the benefit 
of those unfamiliar with fern names; both botanical and common names being given. 
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There wers 85 of the markers . . , Several new varieties have been added to the cob 
lection, including a fine specimen of Polypodium virginianum f. eambneai&ts, and &ryop* 
tori* intermedia var. eoncordiana. Leader, W. H, Dole, Attendance, 20, 

JULY 14. M&bubk, N. J, A good stand of Alhvm trieoeoum was found * 4 which though 
common enough, is not always found in fiower . > . I believe we found a good specimen 
of Hypoxy Ion punctattw on an old Sbagbark Hickory.' * Leader, William Rissanen, At¬ 
tendance, 20. 

July 27. Ward's Point, Staten Island. “Besides the more -usual things for the 
locality, we found AlHonia nyctagtnea which seems to persist from year to year. It was 
interesting to find a thriving colony of Tripsacum dactyloides. This grass is found at 
several places on Staten Island but I have never seen it near the point. Perhaps this is a 
new record for the locality.” Leader, Charles Ericeon. Attendance, 34. 

July 28. Pbeakness Hills for lichens and fungi, “Nothing unusual except that 
SUreocmlon pileatum , a supposedly rare species which we have previously found very 
plentiful on Beech Mountain nearby, was found also on High Mountain.” Leader, 0, O. 
Nearing. Attendance, 19. 

August 11. Seeley ’& Notch, N. J. A study of the general flora and ecology of the 
region. Leader, H. N. Moldenke. Attendance, 33. 

August 18. Upper Greenwood Lake, N. J. Additional work on the botanical survey 
of the Appalachian Trail. Over 320 species were recorded. Worked east from Brady Road 
but did not reach Surprise Lake. Fungi were plentiful and varied. Leader, G. G. Nearing. 
Attendance, 8. 


News Notes 

Members of the Club interested in field work will be glad to learn that I>r. William M. 
Harlow, of the New York State College of Forestry at Syracuse, has published a “Fruit 
Key to Northeastern Trees.” This is a small booklet of 50 pages and 129 small photo 
graphs illustrating most of the species treated, besides other illustrations in the Intro¬ 
duction. It is a companion volume to the author’s “Twig Key to the Deciduous Woody 
Plants of Eastern North America.” 

The American Optical Company has recently announced a new development called the 
phase microscope which facilitates the observation of transparent material. The equip 
meat necessary to transform an ordinary light microscope into a phase microscope consists 
of a diaphragm, which produces a hollow cone of light, and a new diffraction plate placed 
within the objective lens system. The diffraction plate changes the light in such a way that 
details in a transparent specimen can be observed. Many materials are so transparent that 
nothing can be seen with a regular microscope, yet their internal structures usually do 
have differences in optical patfi which alter the phase of light passing through them. The 
invisible phase differences of the ligiit are converted into illumination differences to which 
the eye is sensitive. Any regions within the speemen of different optical path can be made 
bright on a dark background or dark on a light background, depending on the kind of 
diffraction plate used. The phase microscope will make possible the study of transparent 
living organisms without the use of stains. It can also be used to study emulsions, glass 
and plastic transparent surfaces, minerals, crystals, synthetic fibers, and otber materials. 
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Midi. Nat. 36; 137-206. f . 1-tO. 1 map . Jl fSJ 1946, 

Ledn, HroMur . Contributions to the studv of the Cuban palms. VII. The genus 
Calyptrogyne in Cuba. Contr. Ocas. Mus. Hist. Nat. Col. 4 ‘He J-a Salle’ 1 
(Halmna] 3: 1-12. pi 1 , ». Ap 1944. 

Maguire, B. ft Holmgren, A. H. Botany of the Intermountain Region—I. I^eafl. 
W. Bot. 4: 261-267. 28 Au 1946. 

McMlntt, H. E. The status of the se<*tion Tropanihus Grant in Mimulw of 
Hcrophulariaceae, Madrono 8; 234-236. pi £0. Jl (5 Au] 1946. 

Martin, J. ft. TttfoUum mananthnm Grnj, Madroflo 8: 230-233. /. J. Jl (5 
Au] 1946. 

Merrill, B, D. The Amos Eaton herbarium. Rhodora 48 : 201-205. S 1946. 
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Miranda, P ♦ El gAnero Ungelhardtia do Orizaba, Ver. [Mexico). Bob Boc. Bot. 
Mess, 4: 15, 16. My 1946, 

O’Neill, H* The genus Cyprru# in Culm. Ccmti. Ocns. Mus. Hist. Nat. Col. “De 
la Salle 9 * (Habana] 6: 1-15. Jn 1946. 

Paray, L. Exploraciones bot Aniens en el norte del ostado do Puebla (Mexico]. 
Bol, Soc. Bot. Mex. 4: 10-13. My 1946. 

Fapenfuss, G. P. Structure and reproduction of Tnchogloea Keqmcnu, with a 
comparison of the genera of ITelminthocladiaeeae. Bulb Torrcv Club 73: 
419-437. /. J-. M. S 1946. 

Peattie, D. 0. The use — and uselessness — of local floras. Castanea 11: 63-65. 
Je 1946. 

Pennell, P. W. Reconsideration of the Bacopha-Ucrpctstu problem of the Hero 
phulariaeeae. Proc. Nat. Acad, 98: 83-98. 19 Je 1946. 

Pennell, F. W. Species of Stemodia and Galvceia (Herophulnriaceuo) on the coast 
of Ecuador and northern Peru. Not. Nat. 179: 1-6. 21 Je 1946. 

Beko, B. P. Los g^neros Fanerogamicos Moxieanos. Bob Hoc. Bot. Mex. 4: 
19-40. My 1946. 

Beko, B. P. Nombres Tarascos de plantas | Mexico). Bob Hoc. Bot. Mex. 4: 
41-45. My 1946. 

Bicker, P. L. Two new Cannvalias. Castanea 11: 55, 56. Je 1946. 

Sampalo, A J. de. Nouich vulgaies de plantas do distrito federal e do Estndo 
do Rio de Janeiro. Bob Mus. Nac. | Rio de Janeiro] IT 4: 1-149. 15 Ja 
1946. 

Schweinfurth, C. A unique Brasoaa from Peru. Am. Orchid Hoc. Bulb 16: 132- 
134. If. 3 Au 1946. 

Sharp, A. La distribucidn del genero Podocarpus en Mexico. Bob Soc. Bot. Mex. 
4: 17, 18. 1 map . My 1946. 

Sheriff, E. E. Home new or otherwise noteworthy dicotyledonous plants. Vm 
Jour. Bot. 33: 499-510. /. 7-J. Je |31 Jl] 1946. 

Smith, B. E. Additions to the flora of South Carolina. Jour. Elisha Mitchell 
Soc. 62: 81-86. Je |Au] 1946. 

Smith, Ii. B. & Schubert, B. G. The Begomnceae of Colombia, Cnldasia 4: 3- 
38. 10 My 1946. 

Stevens, O* A. Better titles, more effect Be publication. Science 104: 179, 180. 
23 A u 1946. 

Steyermark, J. & Meyer, H* A. Inform** de la Misidn de Cinchona eu Venezuela. 

Bob Soc. Venez. Cien. Nat. 10: 163-189. J map. 1946. 

Svenson, H. K. Vegetation of the coast of Ecuador and Peru and its ielation to 
that of the Galapagos Islands. Iff. Catalogue of plants. Am. Jour. Bot. 33: 
427-498. pi 1-22. Je 131 Jl] 1946. 

Taft, C. B. Monontroma fVittrocku in Ohio. Ohio Jour. Sei. 46: 163, 164. My 
1946. 

Turrill, W. B. The ecotype concept ; a consideration with appreciation and 
criticism, especially of recent trends. New Pliytob 46: 34-43. 1 Je 1946. 
Velbso, H. P, As comunudades e as estates liotanieas de Teresopolis, Estado 
do Rio de Janeiro. ((Tom urn ensaio de uma cha^c dendrologica). Bob Mus. 
Nac. (Rio de Janeiro] II 3: 1-95. /, /-J6. 10 N 1945. 

Wagner, W. H. Fem field notes in the Washington Baltimore area. Castanea 
11: 59, 60. Je 1946. 

Weavers, Th. The relation lietweon taxonomy and chemistry of plants. Hlutnea 
6: 412-421. 1943. 
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Wheeler, L. G. Tithymalnn "(Tourn.] *' proposed for conservation. Am. Jour. 

Bot. 33: 509, 570, Je 131 Jl] 1940. 

Wilde, C. E. Beiula gland ulosa at a low altitude in Now Hampshire. Rhodora 
48: 183. 5 Au 3946. 

Xolocotsi, E. H. La distribution natural de la Heheelea preusnii Burret, se ex- 
tionde a Mexico. Revistn Hoc. Mex. Hist. Nat. 6: 145-152. I> 1945. 

MOBPHOLOGV 

rlneludhig anatomy and cytology In part l 

(See also under Plant taxonomy and Florist Ics: Papenfu*#; under Plant Physiology: Swanson) 

Bloch, E. Differentiation and pattern in Mount era delieiona. The idioblastie de¬ 
velopment of the trichowlereids in the air root. Am. Jour. Bot. 33: 544- 
551./. 7—77. Je |31 Jl] 1946. 

Curtis, J. T., Duncan, B. B. to Blondeau, B. Non-latex rubber in Crypt out egia. 

Am. Jour. Bot. 33: 578. Je f31 Jl] 1940. 

Flemion, F. to TThlxnann, G. Further studies of embryoless seeds in the Umbelli- 
ferae. Conti*. Boyce Thompson Inst, 14: 283—293. My-Jo [An] 1946. 

Gunckel, J. £. to Wetmore, B. H. Studies of development in long shoots and 
short shoots of Ginkgo bilttbn, II. Phyllotaxis and the organization of the 
primary vascular system; primary phloem and primary xylem. Am. Jour. 

Bot. 33: 532 -543. /. 7-/<*. tables, 7, J, Je [31 Jl] 1946. 

Link, G. K. K. to Eggers, V. Mode, site and time of initiation of hypoeotv- 
ledonarv bud primordia in Lin urn nnitatissinnnn L. Bot. (la/.. 107: 441- 
454. /. / -7. Je | l Au] 1946. 

Landes, M. Seed development in Jealypha rhotnboidea and some other Ruphor 
biueeao. Am. Jour. Bot. 33: 562-568. /. 7-Ji. Je |3l Jl] 1946. 

Maheshwari, F. The Adojra type of embryo sue: a critical review. Liovdia 9: 
73-113. /. /. Je |H] 1946. 

Savlle, D. B. O. A rapid freehand sectioning method for leaves. Stain Tech. 

21: 99-102. /. /, J. Jl 1946. 

Simpson, D. M. to Hertel, K. L. Knviionmental modification of fiber properties 
as a source of error in cotton experiments. Jour. Agr. Res. 73: 97-111. 

1 Au 1946. 

Sinnott, E. W. to Bloch, B. Comparathe differentiation in the air roots of 
Mount era dthnona. Am. Jour. Bot. 33: 587-590. /. 7-J. Jl |Au| 1946. 

Sparrow, F. K. Types of pods of Anelepmn syrmea found in Michigan. Jour. 
Agr. Res. 73: 65-80. /. 7-5. 1 An 1946. 

Strnckmeyer, B. E. The anatomy of the abnormal swellings on the stems of some 
varieties of soybeans. Am. Join. Bot. 33: 571-577. /. 7-79. Je |31 Jl] 1946. 

Van Fleet, D. 8. An oxidation and adsorption reaction for differentiating the 
endodennis and the coUenchyma. Stain Tech. 21: 95-98. 7 pi. Jl 1946. 

W&glter, 1L A. Notes on the anomalous stem structure of a species of Bauhinia . 

Am. Midi. Nat. 36: 251-256. pi, /. f. 1. .11 |B] 1946. 

Weaver, H. L, A developmental study of maize with particular reference to 
hybrid vigor. Am. Jour. Bot. 33: 615-624. /. /, J. Jl |Au] 1946. 

WeUwood, B. W. The physical incchanical properties of certain West Indian 
timbers. II. Onrib. Forest. 7: 191-252. Jl 1946. 

PLANT PHYSIOLOGY 

(See also under Mycology: Ft#her. Biker to Allen; Gottlieb) 

Allard, B. W., DeBoee, H. B. to Swanson, 0. F. Some effects of plant growth 
regulators on seed germinations and seedling development. Bot, Ga*. 107: 
575-583. /. 7-6. Je 11 Au] 1946. » 
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Allard, &. W. el at. The action of isopropylphenylcarbamate upon plants. Bot.» 
Gaz. 107: 589-500. Jo fl Au] 1946. 

Barton, L. V, ft Gtarman, H. B. Effect of ago and storage condition of seeds on 
the yields of certain plants. Conti*. Boyce Thompson Inst. 14: 243-255. 
My [Anl 1946. 

Berger, J., Smith, P. ft Avery, Gh S. The influence of auxin on respiration of the 
Avcna eolcoptile. Am. Jour. Hot. 33: 601-604. /. 7, J. f tables 1-3. Jl 
[Au] 1946. 

DeRose, H. B. Persistence of some plant growth-regulators when applied to the 
soil in herbieidal treatments. Hot. Gaz. 107: 583-589. /. 1—8. Je |1 Au] 
1946. 

Benny, E. E. Ons content of plant tissue and respiration measurements. Contr. 
Boyce Thompson Inst. 14: 257-270. Mv |Au] 1946. 

Ennis, W. B. ft Boyd, P. T. The response of kidney bean and soybean plants to 
aqueous spray applications of 2,4-dicblorophmoxy acetic acid with and with 
out Carbowax. Hot. Gaz. 107: 552-559. /. 7-4. Je |AnJ 1946. 

Ennis, W. B. et at. Effects of certain giowUi-regulating compounds on Irish 
potatoes. Bot. Gaz. 107: 568-574. /. ], J. Je Jl Au] 1946. 

Erickson, L. C. Growth of tomato roots as influenced by oxygen in the nutrient 
solution. Am. Jour. Bot. 33: 553-561. /. 7-9. Je [31 Jl ] 194G. 

Gtarman, H. B. ft Barton, L. V. Response of lettuce seeds to thiourea treatments 
as affected by variety and age. Contr. Boyce Thompson Inst. 14: 229-241. 
/. 1-4. My | An] 1946. 

Hildebrandt, A. C„ Biker, A. J. ft Duggar, B. M. The influence of the com 
position of the medium on growth in dtro of excised tobacco and sunflower 
tissue cultures. Am. Jour. Bot. 33: 591-597. /. 7 «/ I tabh s 1-8. Jl | Au ] 
1946. 

MacVicar, B. ft Btruckmeyer, B. E. The relation of photoperiod to the boron 
requirement of plants. Bot. Gaz. 107: 454-461. /. 7 S. Je |1 Au] 1046. 

Moore, B. H. Some effects of altitude and water supply on the composition of 
Verns elhptira. Bot. Gaz. 107: 467-474. /. 7, J. Je (1 Au] 1946. 

Myers, J. Culture conditions and the development of the photosvntbetic media 
nism. Ill—Influence of light intensity on cellular characteristics of 
Chlorella. Jour. (fen. Physiol. 29: 4J9-427. 7 /. 20 Jl J946. IV— Influence 
of light intensity on photosynthetic characteristics of Chlorella. 429-440. 
f. 1-8. 

Norman, A. Gh Studies on plant growth regulating substances. Bot. Oaz. 107: 
475. Je |1 Au] 1946. 

Patterson, P. M. Osmotic values of bryophytes and problems presented by re 
fractory types. Am. Jour. Bot. 33: 604-611. tables 1-8. Jl [Au] 1946. 

Smith, H. H. Quantitative aspects of aqueous spray applications of 2,4 dichloro 
phcnoxyacetic acid for herbieidal purposes. Bot. Oaz. 107; 544-551. /. 1-8. 
Je [1 Au] 1946. 

Swanson, O. P. Histological responses of the kidney bean to aqueous sprays of 
2^4-dichloropheuoxyacetic acid. Bot. Gaz. 107: 522-531. /. 1-17. Je |1 Au] 

, 1946. 

Swanson, C. P. A simple bio-assay method for the determination of low con* 
cenirations of 2,4-diehlorophenoxyacetie acid in aqueous solutions. Bot. 
Gaz. 107< 507-509. If, Je |3 Au] 1946. 

Swatmon, C. P. Two methods for the determination of the herbieidal effective¬ 
ness of plant growth-regulating substances in oil solution on broadleaf 
plants. Bot Gaz. 107: 560-562. Je [1 Au] 1946, 
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Taylor, B. L. Observations on the growth of certain plants in nutrient solu¬ 
tions containing synthetic growth regulating substances. 1. Rome effects 
of 2,4-dichlorophenoxy acetic acid. Dot. Gaz. 107: 507-611, /. IS. Je [1 AuJ 
1946. II. The influence of presentation time. 611-619. f. IS. III. The 
relative toxicity of isopropyiphenylearbnmate and some phenoxyacetie acid 
derivatives to some cereals. 620-629. f. IS. IV. The amount of growth 
in soil and solution cultures treated with equal weights of ammonium 2,4- 
diehlorophenoxyacotate. 630-632. 

Thompson, H. E., Swanson, C. P. A Norman, A. G. New growth-regulating com¬ 
pounds. I. ftummnry of growth-inhibitory activities of some organic com¬ 
pounds as determined by three teHts. Bot. Gaz. 107: 476-507. Je [1 AuJ 
1946. 

Thorton, N. C. Factors influencing vitamin C content of asparagus, banana, and 
seedlings of garden pea during growth or in storage. Contr. Boyce Thomp¬ 
son Inst. 14: 293-304. /. / M [An] 1946. 

Weaver, R. J. Effect of spiny applications of 2,4-dichlorophenoxvacetic acid on 
subsequent growth of various parts of red kidney }>ean and soybean plants. 
Bot. Gaz. 107: 332-539. f. 1S6. Je |1 Au] 1946. 

Weaver, E. J. Home effects of Henson, habitat, and clipping on the chemical com¬ 
position of Andropofton furcatus and Sin pa spart<a. Bot. Gaz. 107: 427- 
441. /. 7, *. Je |1 Au | 1946. 

Weaver, E. J. A DeRose, H. E. Absorption and translocation of 2,4-dicliloro 
phenoxyacetie acid. Bot. Gaz. 107: 509-321. /. 7-7/. Je [ 1 Au] 1946, 

Weaver, E. J., Minarik, C. E. A Boyd, P. T. Influence of rainfall on the effec¬ 
tiveness of 2,4 diehlorophenoxyaeetie acid sprayed for herbieidal purposes. 
Bot. Gaz. 107: 340-344. /. /-/. Je |1 AuJ 1946. 

Weaver, E. J . <t at. Effect of plant growth-regulators in relation to stages of de¬ 
velopment of certain dicotyledonous plants. Bot. Gaz. 107: 363-568. Je 
(1 Au) 1946. 

Wynd, P. L. & Noggle, G. R. Effects of selected properties of soils on growth of 
Sudan grass. Eloydin 9: 146-131. /. IS. * labia k IS. Je |Sj 1946. 

(IKNfcTICH 

(including e.vtogeucth*s) 

(Sts* also under Mycology: Kyan & Lederberj? ; 8 jo wall; under Morphology: Weaver) 

Bhaduri, P. N. A Sharma, A. K. Cytogenetics of Datura fast uam L. Bull. 
Torrev Club 73: 438-450. /. 7-7.? 4 table 7. H 1946. 

Carletto, G. M. () ntimero de eromoadmios eni cacaueiros. Bol. Tec. Inst. Gacau 
Bahia 6: 35-39. f. IS. 1940. 

Carletto, G. M. O polintaupo controlada na flor do Gacaueiro. Bol. Tec. Inst. 
Oacau Bahia 6: 5-30. f. IS. 1940. 

Chin, T. C. The cytology of polyploid Sortjhu m. Am. Jour. Bot. S3: 611-614. 
tahUs 1 -i \ f. IS. J1 | Au] 3946. 

Chin, T. C. Wheat-rye hybrids. Jour, llered, 37: 193, 196. /. 7. J1 [8] 1946. 

Clarke, A. E. A McKay, H. M. A cytological study of some triploid onion plants. 
Jour. He red. 37: 131-136. f. /, i. My | Je] 1946. 

Bodge, B. O. 8elf-sterility in 44 bisexual M helerocaryons of Nrnraspora. Bull. 
Torrev Club 73: 410-416. H 1946. 

Geratel, B, TJ. Inheritance in Nieoiiana tabarum. XXL The mechanism of 
chromosome substitution. Genetics 31: 421-427. Jl 1946. 

Gustafsson, A* Apomixis in higher plants. Part I. The mechanism of apomixis. 
Lunds Univ. Arssk. Avd. 2. 42*: 1-67. f. ISO. 14 Mr 1946, ^ 
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H&rttwg, M. E. Chromosome numbera in Poa, Apropyron, and Elymus, Am. 

Jour. Bot. S3: 516-53]. /. 1-f. Je 131 Jl| 1946. 

Hayes, H. X. Yield genes, heterosis mid combining ability. Am. Nat. 80: 430- 
445. tables 1-13. J1 [5 Au] 1946. 

Kostoff, D. Cytogenetics of the genus Xtrot tana. i~xjrviii, 3-1072. I col pi. 

f. 1-345. r tables 1-70. Sofia, 1941-1943. 

Langham, B. Cl. Genetics of sesame {Scsamum] — III. i ‘Open sesame ’' and 
mottled leaf. Jour. Hered. 37: 149-152. /, 1-5. My |JeJ 1946. 

Idndegren, C. 0. A new gene theory and an explanation of the phenomenon of 
dominance to Mendelian segregation of the cytogene. Proe. Nat. Acad. 
32: 68-70. Mr 1946. 

McKay, H. B. A Clarke, A. E. Tlie use of enzvmes in the preparation of root tip 
smears. Stniu Tech. 21: 111-114. / /. .11 1946. 

Mather, K. Dominance and heterosis. Am. Nat. 80: 91-96, Ja 1946. 

Newcomer, E. H. A three-year trial of hybrid poplars in North Carolina. Joui. 

Elisha Mitchell Boc. 62: 77-80. Je |Au] 1946. 

Saaeome, E. E. Hetcrokniyosis, mating-type factors, and sexual reproduction 
in Xeurospora. Bull. Torres Club 73: 397-409. f. 1-5. S 1946. 

Stadler, I*. J. Spontaneous mutation of the It locus in maize. 1. The alouron-color 
and plant color effects. Genetics 31: 377-394. J1 1946. 

Stebbins, 0. L., Valencia, J. 1. A Valencia, E. M. Artificial and natural hybrids 
in the Gramineae, tribe Hordeae. II. Agropyron, Ely mu* and Harden m. 
Am. Jour. Bot. S3: 579-586. /. 1-17 r tables 7, .11 |Au] 1946. 

Wannke, H. E. Precooling combined with chromoNomacetic fixation in studies 
of somatic chromosomes in plants. Stain Tech. 21: 87-91. 7 /. J1 1946. 

MYCOLOGY AM) PHYTOPATHOLOGY 
(Sts* also under Genetics: Dodge, ftansome) 

Ark, P. A. A Leach, L. D. Seed transmission of bacterial blight of sugar lK*«t. 

Phytopathology 36: 349-553. /. 1. J1 1946. 

Baker, K. F., Snyder, W. C. A Holland, A. H. Lygus bug injury of lima bean m 
California. Phytopathology 37: 493-503. /. 7, 3. .11 1946, 

Blodgett, E. C, Transmission of peach wart by graft inoculations with affected 
fruit tissue. Phytopathology 36: 675. Au 1946. 

Brett, O. H. Insectidal properties of the Indigohush (Amarpha fruiUcosa). 

Jour. Agr. Hes. 73: 81-96. /. /-J. * tabhs 7-J. Au 1946. 

Ohardon, C. E. Fungi I>6tn ingenues novi vel minus cogniti. 1. Farlowia 2: 
455-473. /. 1-37, J1 |BJ 1946. 

Coker, W. C. The T T nited States species of Coltncm. Jour. Elisha Mitchell Hoc. 
62: 93-107. pi 17-33. Jo |Auj 1946. 

Conch, J. N. Two sjiecies of Scplobasldtum from Mexico with unusual insect 
houses. Jour. Elisha Mitchell Boc. 62: 87-94. pi 15, Ul i /. 1-1. Je 
[Au] 1946. 

Biller, J. D., Whittaker, C. W. A Anderson, M. 8. Effect of mineral nutrition on 
the vigor and susceptibility to blight of old Japanese chestnut trees. Phyto¬ 
pathology 36: 554-556. J1 1946. 

Elliott, O. A Jenkins, M. T. Hclminthospormm turctcu.m leaf blight of corn. 

Phytopathology 36: 660-666. /. 1, 3. -f tables 7, 3. Au 1946. # 

ElUa, B. B. Anthraenose of dwarf mistletoe caused by a new species of Septo- 
gloom. Jour. Elisha Mitchell Boc. 62 : 25-50. pi 4-€. + /. 1-4 + table* 1~f. 
Je [Au] 1946, 
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Fawcett, H. S. Stubborn disease of citrus, a viroais. Phytopathology" ,36: 
675-677. Au 1946. 

Fisher, E. H., Biker, A. J. it Allen, T. C. Bu<l, blossom, and pod drop of canning 
string beans reduced by plant hormones. Phytopathology 30: 504-523. 
/. 7, A 4 tables 1-W. Jl 1946. 

Frasier, N« W. A Freitag, J. H. Ten additional leafhopper vectors of the virus 
causing Pierce’s disease of grapes. Phytopathology 36: 634-637. Au 1946. 
CNiumann, E. Types of defensive reactions in plants. Phytopathology 36: 624- 
633. /. 7-5. A u 1946. 

Gottlieb, D. Jfc Gamer, J. M. Rust and phosphorus distribution in wheat leaves. 

Phytopathology 36: 557-364. f, 1. Jl 1946. 

Groves, J. W. The genus Dermea in North America. Mycologia 33: 351-431. 
/. J^57. Jl 1946. 

Hedges, F. Association of Xanthmnofia,s phaseoh and the common bean-mosaic 
virus, Marmor phaseoli. II. Dissociation studies of X phaseoli. Phyto¬ 
pathology 36: 589-612. f. 7-6'. Au 1946. 

Hedges, F. Experiments on the over wintering in the soil of bacteria causing 
leaf and pod spots of snap and lima lam ns. Phytopathology 36: 677, 678. 
Au 1946. 

Hedges, F. A Fisher, H. Association of Xnnlhomonas phaseoli and the common 
bean-mosaic virus, Marmor phaseoli. III. The effect of varying amounts of 
nitrogen on pathogenicity. Phytopathology 36: 613-624. /. l. Au 1946. 
Holmes, F. O. A comparison of tin* experimental* host ranges of tobacco-etch 
and tobacco mosaic viruses. Phytopathology 36: 643-659. /. 7, J. 4 labU 
7, Au 1946. 

Jenkins, A. E. Ehtnot pin in France and Spain in the light of quarantine in¬ 
terceptions. Mycologia 38: 450-452. 7 /. Jl 1946. 

Limber, D. P., Pollack, F. G. A Jenkins, A. E. El si hoi discovered on Sesbunia 
and Cmnatuomam in the United States. Mycologia 38: 463-472. /. 7-J. 
Jl 1946. 

Marchlonatto, J. B. Nota rclaciouadn con la etiologia de la podredumbre dc la 
raid 11a del Naranjo. Revista Argent. Agron. 13: 9(i-100. Je 1946. 
Martinos Crovetto, B. ObservaViones sobre las nmlezas de los cultivos en el 
partido de Ralcarce (Provincia de Buenos Aires). Revista Argent. Agron. 
13: 103-126. Je t946. 

MUbrath, J. A. Green dwarf; a virus disease of potato. Phytopathology 36: 
671-674. f. 7, A , table 7. Au 1946. 

Olive, L. S. New or rare HeterobasidioimceUs from North Carolina—II. Jour. 

Elisha Mitchell Hoe. 62: 65-71. pi. 77-74. Je |AuJ 1946. 

Presley, J. T. Diplodia dio bnek of guayulo (Partin mium arpestaUnn Gray). 

Phytopathology 36: 565-571. f. U 4. Jl 1946. 

Prince, A. E. The biology of (Iffmimsporantfmm vnlusavis Thaxter. Farlowia 
2: 475- 525. pi. 7, J. r table IS. f appuutijt 7. A Jl [8] 3046. 

Ryan, F. J. A Lederberg, J. Rexcrsc mutation and adaptation in louc melons 
Xeurospora . Proc. Nat. Aead. 32: 163-173. f . 7-J. 15 Je 1946. 

Seville, D. B. C. A new species of Staffonospora on Ambrosia. Mycologia 38: 
453-454. 1 f. Jl. 1946. 

Seaver, F. J. Photographs and descriptions of cup-fungi — Xhl. CatinelU * ni&ro- 
olivaeea. Mycologia 38: 473-476. 7 f. Jl 1946. 

Shands, H, L. A Schaller, 0. W* Response of spring barley varieties to floral 
loose smut inoculation. Phytopathology 36: 334-548. Jl 1946. 
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Simson* F. W. (Tu-orao blastomycosis, Rome observations cm the types of the 
disease in South Africa. Mycologia 38: 432-449. /. 1-10, Jl 1948. 

Singer, R. The Boletineae of Florida with notes on extralimital species. IV. 
The lamellate families (Gomphidiaceae, Poxillnceae, and Jungnsporaccao). 
Farlowia 2: 527-567. pi. 1. J1 |8] 1946, 

Sjbwall, M. Studien iiber sexualit&t vererbung und zytologie bein einigen did- 
zisehen Mucoraeeen. Lund f Glcerupskn Univ. BokhandelenJ. 1-97. /. 
1-88. 3945. 

Smith, O. F. Effect of soil temperature on the development of Bhizoetonta root 
canker of alfalfa. Phytopathology 36: 638-642. /. 1-8. Au 1946. 

Snyder, W. O. 8c Hansen, H. N. Control of culture mites by cigarette paper 
barriers. Mycologia 38: 455-462. /. 2, 8. J1 1946, 

Standen, J. H. A toxic substance occurring in certain maize cobs. Contr, Boyce 
Thompson Inst. 14: 277-281. M-Je [Au] 1946. 

Steinberg, R. A. Rporangial propagation of blue mold fungus on a sceptically 
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New names and combinations are designated by bold-face type. The names of con¬ 
tributors are in Capitals. 


Abies balsam* a, 205 

Arana corntgera, 358; cym bispina, 358; 

farnesiana, 338; pcnnahda , 358 
Acalypha brack yst achy*, 123 
Aecnaphthene, effect of on plant tissue, 
34-59, 167 

Acer pcnnsylvanicnm, 590; rttbntm , 1, 13, 

29 

Acelabitlaria cal genius, 76. 78; major, 77, 

78 

Achlyogeton entophyton, 8 
Acnida cannabma , 93 
Acomtum napdlus , 62, 63 
Aa»rus calamus, 64 
Acrobdoidcs bntsckhi , 1; xp, 1-5 
Aclintdia chwensts, 128; (anala, 128 
Additional introduced plants in the A leu 
tian Islands, 204 
A gn mania striata, 461 
Agropyron riptns, 64 
Adanthus altissema. 128 
Ajkllo, IjIKKKO: Minutes of meetings of 
the Club, 475-478 

Ahdna quinata, 589; trifoliata, 114 
A tan pi uni plat am f oh urn, 128 
Albizzia versicolor , 348, 349 
Aleutian Islands, introduced plants in, 204 
Algae, Proposed names for the phyla of, 

23 7 

Allen, (i kokok S.: The origin of the 
microxporuugium of Pst udotsuga, 547 
Alhnjiut nyctagima, 394 
Album crp< i, 34-59, 167-180, 476; trtcoc 
cum, 594 

. I In ns cr< mast oy gut , 128; lit putt lists, 128 
Ala* barbadtnsis, 62; mo, 62, 63 
A It kata vast a, 129 
Amhlysft giuni rarunn , 164 
American botanical literature. Index to, 96, 
208, 327, 381, 481, 395 
Amdanckit r la* vis, 205; obfongifoha, 29 
Ampkicarpaca edgeivortkii, 113 
Anadyomcnr fiabdlata, 75, 77 ; U clanchcru, 

75, 77; stdlata , 75, 77; plicate, 75; 
i vrigkth, 75 

Andropogon glow* rat us, 28; scopanus, 204 
A nomaloaicyoB, A new genus in Cueurbita- 
ocae, 565; andreanus, 569; barbatus, 
565; f. lobatus, 567; ftudformis, 569; 
macrocarpua, 569; martii, 569; pal- 
matllobus, 569; quinquelobatus, 569 
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Anomodon attcmiatus , 164; minor , 164 
Another station for Lactuca stolonifrru, 

589 

Jphanomyccs camptostylus, 9 
Apocynum cannabinnm var. hypericifoil urn, 
64 

AquiUgia uff. xkinnni, 460; canadensis, 

590 

Ambis canadensis, 390; lgrata, 590 
Aralia nudicanlis , 64; raccmom , 64 
Arbutus xalapcnsis , 458 
Arenana congest a var. cbarlestonensis, 
326; var. macradciva , 326; fendleri var. 
qlabrescens, 326; filiorum, 326; kinga 
subsp. rosea, 326; macradcnia , 326; 
snbsp. macradenia, 326; subsp. macro- 
titnta var. macradenia, 326 
Ansiida schicdeana, 459 
Avonia arbutifoha, 29 
Art< mtxia sievrnana, 129 
Arthrohotrys oh g os pom, 1 
Arundmana longifolia , 361 
Asa nun canadcnse, 64 
A scans infect a, 13 
A*t liana cavlleryi, 14 
A sir* ptoncma longispova, 13 
Atropa belladonna, 62, 63 
AnainviUea (recta. 74, 78 
Azaha atlantica , 29 
Azolla carohniana, 93 

Bu.dwin, .1. T., Jr.: Jlamstena caapi 
Spruce: its ehromo tomes, 282. Oytogeog 
raph> of Emiha Cass. in the Americas, 
18 

liamstcna caapi, 282-284; chromosomes, 
282; quitensis, 282 
Bumxttnopxi* inebrious, 282 
Itarbula crugen, 160, 163 
Barklfa, Fred A.: Noteworthy plants of 
Texas—V. Additional Psoraleae, 131 
Bvkrktt, Mary F.: Ficus tsjahcla, 86. The 
ease of the vanishing Ficus raccmosa, 312 
Ilaxuhobohtx ranarum , 10, 11 
Batrachospermum orthostichum , 434 
Btgonia cransiana , 113; ymnanenxtx, 113 
Itcrbcris amnrensts, 117; thunbcrgii , 117; 

vulgaris, 117; wilsonae, 129 
Bdttla Utica, 590; papyrifera minor , 205 
/interns pinn at a, 108 
Bixchofia trifoliata, 123 
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BHAi>r»i, P. N.: Cytogenetics of Datura 
fatttima L., 438 
Blastus pauciflorus, 317 
Bocconea arborea , 463 
Bombardia lunata, 406, 407 
Bombax palmer i, 358, 361, 362 
Bornetella oligoxpora, 76, 78; xphaerica, 
76, 78 

Botanical literature, Index to, 96, 208, 327, 
381, 481, 595 
Botrytix allii , 342 
Bouteloua eludens, 362 
Bouvardia bourardioides , 360 
Brachelyma robuxtum , 165 
Brachytheeium xalcbroxum , 164 
Braxxica , evaluation of taxonomic charac¬ 
ters of, 244-281; key to cultivated spe¬ 
cies and varieties, 370; o/fco, 246, 266, 
273, 277, 371; albogUibra , 247, 270; 
arvenxix , 246; campcxtrix , 245, 247, 250, 
251, 257, 262, 266, 268, 269, 272-278, 
372, 376; var. annua, 245; var. erect i- 
xitiquoxa, 376; var. oldfera , 245, 233, 
259, 261, 267, 371, 372, 374; var. rapifora, 
245, 254, 259, 267, 374; carinata, 246, 
247, 250-253, 260-269, 27J-278, 371, 373, 
376; ccrnua, 243; chinenxix, 246-249, 
234, 260-262, 264-266, 269, 270, 273, 276, 
278, 281, 370-372, 376; var. albiflora, 
254, 259, 265, 374; var. anguxtifolia, 
257-259, 265, 374; var. comma nix, 237, 
265, 374; var. pandvrata, 248, 250-254, 
257-259, 264, 265, 267-270, 273, 274, 
370-372, 374; var. pckmcnxix, 257-259, 
265, 273, 374; var. purpvrca, 262; var. 
roxularix , 248, 257, 259, 262, 374; ,/a- 
ponica, 247; juncea, 205, 245-248, 254, 

256, 257, 262, 264-266, 271, 273, 276, 

277, 281, 371, 376; var. crixpifoha, 
237, 374; var. gracilis, 253, 254, 256, 261, 
264, 265, 267, 269, 270, 212, 274, 276, 

278, 374; var. linearifolia , 248, 254, 256, 

257, 374; var. megarrhiza , §54, 265, 267, 

374; var. multisecta, 256, 257, 374; var. 
oblanceolata, 256, 264, 265; var, ortho- 
car pa, 248, 250, 251, 254, 264, 268, 276, 
371, 374; var. rugotsa, 256, 257, 265, 267, 
278, 374; var. 254, 256, 374 ; var. 

htmida, 253, 265; napclla, 247, 248, 250, 
251, 268, 269, 272-274, 276, 277, 278; 
napiformix, 262, 266, 275, 278; tiapo- 
bramca, 266, 272, 274, 275, 278; nopu#, 
205, 245-247, 250, 231, 260, 264-276, 278, 
371, 376; var. annua, 245; var.ijmpo- 
braxsica, 245, 254, 265, 267, 373'; var. 

245, 233, 261, 267*, 373; wart- 


noaa, 246; nipposinica, 246; nigra, 245- 

247, 250-254, 260, 262, 266-269, 271-278, 
371, 372, 376; oleracea , 245-247, 253, 
254, 257, 259, 264-270, 273, 278, 371, 
376; var. acephala, 245, 253, 257, 261, 

265, 267, 269, 272, 274, 275, 278, 373; 
vnr. alboglabra, 265; var. annua, 245; 
var. botrytix, 373; var. capitata , 245, 
257, 265, 373; var. gemmifcra , 245, 373; 
var. gongylodex, 245, 253, 257, 259, 265, 
267, 373; var. italica , 373; var. rapa , 
245; var. xabauda, 245; pckincnxix, 246- 

248, 266; rapa, 245-247, 254‘, 257, 264, 

266, 267, 269, 273, 275, 370, 371, 376 
Broximum alicaxtrum , 359, 460, 461 
Brown, Barettk I.: Lippia lanccolata and 

other unusual plants at (Voss Lake, New 
York, 42 

Bruchia domicilii, 157, 358, 162 
Bryum argt ntcum, 157, 164; capillarr, 164 
Buell, Mtrray F.: Jerome Bog, a peat- 
filled **Carolina bay, M 24 
Burnt ha cunnfolia, 293 
Burst ra arborea , 358, 457 ; laxi flora, 358 
Byrxomma craxstfoha, 362 

Cabi parat nxix, 283 

Carxalptnia calatU ma 358; crioxtachys, 
358; platyloba, 358; scpiarui , 128; 

vcl trocar pa, 358 
Calathca a if. cyclophora , 461 
Calliantlra gcntryi , 460 
Calhcnrpa cana, 588 

(’amp. W. II.: On the use of artificial heat 
in tlu* preparation of herbarium speci¬ 
mens, 235 

Campyhutn chryxopluflhnn, 164 
CampylopHx fragdix, 160, 163; gracth - 

cauhs, 160, 163 
Campylotropix polyant ha, 127 
Caprificux axpera latifolia, 317 
Caragana chamlagu, 117 
Carcx anncctcnx, 204; xcoparui, 204 ; striata, 
204 

Carlton Clarence Curtis, 1864-1945, 103 
Car pin ux turezaninovd , 122 » 

Carvophyllnceae, 326 

Case of the vanishing Ficux raccmoxa , 312 
Caxxii i biflora, 357, 358; cmarginata , 358; 
tecomoxuche, 357 

Caxtanea mollixxima, 114, 128, 129 
Caxtanopxix concolor, 113; dclavayi , 113 
Castilla , 545 
Catcnaria angudhdac , 8 
Catherinaca macmdlani, 162 
Cathtxiicum , up., 362 
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Caulerpa clavtfera, 75, 77, 78; craxsifolia, 
76, 78; frcycmetU t, 76, 78; laetivirenx, 
76, 78; macrodisca, 77, 78; peltata, 75, 
78; var. macrodtxca, 77; plumarw, 74, 
75, 78; racenwm var. clavifcra , 74, 78; 
var, toeftinrcwa, 75, 78; ttelago, 76, 78; 
scrrulata, 76, 78; wriulartaulctt , 74, 76, 
78; taxifoha, 74, 78 
Caulophyltum thahctroidfx , 64, 590 
Cccropia, 545 

Ccdrcla xtntnsxx, 118, 120, 128 
acuminata , 361, 456, 460 
Cclaxtrux articulatux, 121 
OR is st nensis, 118, 127 
Cent anna nigra var. radiata, 589 
Chattomorpha wflata , 74, 77; ktllerxit, 77 
Chamaccyparis thyouleu, 28 
Chamat daphnt calyculata , 28 
Chambt rlainia acuminata, 164 
Chauvntm clan ft ra, 74, 78 
Chrhdonmm majus , 64 
Cheyxey, Rvlph Holt. Medicinal her 
Imeeous sjieciefc in the northeastern 
Tinted Htiites, 60 
Chonophila umbel} at a, 62 
(Mima, Ki isiphacene of, 108 
Chionanlhux rctusa, 116, 122 
Chlorophora tmrtona, 358 
(Milorophvceae, Philippine, 73 
Chi ysophyllum, Smith American specie* of, 
286; urmt/iwm, 289, 300; aibipilum, 289, 
299; almfolntm, 310; ambflann folium. 
310; amphfohum, 308; ayuaUcum, 310; 
art nanum, 291, 309; c irgentann, 289. 
297; aulacotarpnm , 288, 291; duration, 
289, 298; var. mafits, 298: brasilitust, 
310; burnt houltx. 110; buratihtm , 310; 
catruhum , 297; caouto . 288, 290, 305, 
311; caifnincnxi, 310; ctartnx, 294; 
cochlt arotm, 290, 305; crotonoitUs, 310; 
cunt (folium, 287, 288, 291, 292; cw.s/>i 
datum, 310; cysnan , 294; dusenii, 290, 
300; tb< nact um, 303; vat. hit if alt urn , 
303; \ar longifohum, 303; \ar. oh 
i'trxum, 303; \nr. /w duneulatum, 303; 
\ar. tom< ntoxum, 303; thganx, 310; f.i 
rtfoifw, 288. 289, 291, 292; \nmtum, 310; 
ft rrngim ion, 306; fh ntoxum, 291, 310; 
yartlntri , 310; glabrum, 297 ; glauct seen*, 
310; //I jfe// p/i lot u m , 311; go nova i pit m, 
289, 294, 304, 470; inina* jim, 290, 300; 
grixcbachn, 302; guiUnninumum, 303; 
humbohltiantnn , 311; iltcmtdfx, 302; 
twmmww, 297; imptrtalr, 287, 289, 
295, 296; inophydum, 311; mornatum, 
291, 309; januaricnst , 291, 307; klugn , 


311; lanccolatum , 309; leptooarpum , 
311; Umgifolium, 311; tacetrtifoiiiixa, 
290, 304; hicumifoUum, 294; var. oh* 
tusatum , 294; macoucou, 311; macro* 
phyllum, 311; mangltllo , 311; margi¬ 
natum, 290, 301-304; var. marginatum, 
302; var. obverstraa, 302, 303; var. 
tomentosum, 302; marUanum, 303; »mi/ 
tenoidcs, 302; a normale, 302; fenwe, 
302; var. myrtifolium, 302; meltnom, 
311; michino, 311; minutifolium , 313; 
myrtifohum, 302; nitidum, 289, 297; 
obtuinfolium, 294; oletfohum , 311, 468; 
oppoxitum, 311; oraie, 290, 304; porn* 
forum, 311; parvuhm, 289, 299, 300; 
pttfitUm, 295; pcrxxcaxtrum , 294; pr* 
f«m, 287, 288, 289; pxilaphyllum, 297; 
pulchcrrimum, 291, 308; pumtlum, 311; 
f. glabrcxccnx , 311; pyrtformc , 311; 
ramifiorum, 311; rchcnlaUtm , 311; irr« 
lulum, 289, 296; rufocupreum, 313; 
rufum , 291, 306; var. acuhfohum , 306; 
schomburgkianum , 311; seru'cum, 298; 
xcxsilifforum, 311; sparsiflorum, 291, 
307; var. fagifolium, 307, 308; 
f/fUA, 291, 308; lomt ntosum, 306; w/et, 
311 ; nritfo, 289, 295 
('hustfuta liibmanti, 360,’361 
Chylruhum, endogynum , 8; zoolicttm, 8 
Conicifnga ran mom , 65 
Cuuhona pdai/t nsis, 61 
Cirnphyllum boxen , 138 
(Mvsa.s rhombifolia, 456 
Cladoma cnsfattlla, 92; floridana, 592; 
giayn, 92 

Cladophora mount tana, 75, 77; p^llucula, 
74, 77 

(ladophoropxix sundant nsut, 76, 77 
Clasmatodon pan ulus, 158, 165 
Tluskn, Robert T.: /><i/e« emphyxoths, 
an invalid name, 572, Najax arguta in 
Central America and its relationship to 
A', tcrufhiiana , 363, A review of the 
status of several American species of 
I>alta, 80 

Hi thra aim folia , 28 
Ch mactum kutdbrrgit, 158,164 
Cmdoscolux anguxttdcns, 461 
Cochlospcnnum ntifolunn, 357-359, 456 
Codtum adhatrtnx, 7a, 78; dickotomym, 
74, 78; difformt, 76, 78; clongatum, 76, 
78; ovtUi, 76, 78; Pa we, 76, 78; fomf»- 
tosum, 74-76, 78 

Colchicine, effect of on plant tisane, 34-39, 
167 

Colchwum autnmnalc, 63 
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Comb return farinosttm, 358 
Compound leaf with annual increments of 
growth, 542 

Conferva littoralis , 73; setosa, 73, 74 
Conidiobohts brefeldianus, 10, 11 
Convallavia majalyt, 62, 63 
Conmttia sericea, 358 
Coptis trifolia , 65 
Cordia alliodora, 358 

Comm disciflora, 458; excelsa, 455, 458; 

stolon if era, 205 
Corydalis Montana , 461 
Corylus hetcrophylla, 114 
Cosmos bipinnata r 108 
Cotin ms coggyria, 322 
Cost area latiflora , 358 
Cordlea glome rat a, 323; mollis, 810, 323; 

raeemosa, 323; venosa , 00 
Crataegus scabrifolia, 111; submollis, 205 
Crataeva palmeri , 358 
Cronquist, Arthur: Studios in the Sapota* 
ceae—V. The South American species of 
Chrysophyllum, 286; VI. Miscellaneous 
notes, 465 

Crotallana mollicula , 459 
Croton, 545; fra gilts, 358 
Cryphaea glomerata, 158, 159, 165 
Cucurbit a pepo , 108 
Cudrania tricuspidata, 120 
Cupania fulvula, 544; glabra , 461 
Cuphra procnmbens , 457 
Curious fungus on Opvntia, 219 
(*urtis, Carlton Clarence, 103; bibliography, 
106, 107 

Cuscuta, A new species of, 570; California, 
571; columblana, 570, 571; 4 deltoid?#. 
571; gracillima, 570, 571; saccharata , 
570, 571; serrulata, 571; serruloba , 571 
Cyclophorus adnascens, 588; j Iqnceolatus, 
588 

Cypripedium hirsutum, 65; parviflorum , 
65; pubescens, 65 
Cyrilla racemiflora, 26, 29 » 

Cystodictyon leclancherii , 75, 77 
Cytogenetics of Datura fastnosa h., 438 
Cytogeography of Emilia Cass, in the 
Americas, 108 

Dalbergia sissoo, 127 

Dalea, Several American species of, 80; 
carthaginensis, 572; subsp. domlngenalfl, 
572; subsp. thyrsifiora, 572; subsp. 
typica, 572; 80-85, 572; 

var. panel folia, 85; emphysodes, 84, 85, 
572;, an invalid name, 572; subsp. 
domingensis, 85, 572; subsp. emphysodes, 


85, 572; subsp. thyrsiflora, 85, 572; 
enneaphylta , 85; fioridana, 80; 

82-85; ineonspicua , 83; microphylla, 84; 
scandena, 83, 84; thyrsiflora, 82, 85, 572; 
trichocalyx, 84, 572; vwfncraria, 84 
Daaturella grewiae, 347, 348 
Datura arborescens, 438; fastnosa, 438- 
449; cytogenetics of, 438; var. albtf, 439, 
441-449; stramonium, 62, 63, 438, 439, 
442, 446-448 

Ddacroixta coronata » 10, 11 
Delphinium ajacis, 65; vur. alba, 65 
Dent aria diphylla, 590 
Dermonema dichotomum, 431; frapperi, 
431; gracile, 431 

Dicentra canadensis, 65; cucullaria, 65 
Dichonrma erectum , 74, 78 
DicraneVa herminieri, 160, 163; /u7rr- 
omalla, 92, 163; hilariana, 160, 163; 
wirta, 163 

Dicranum bonjcani , 92; condensatum. 165 
Dictyosphaeria cavernosa, 75, 77; fandosa , 
75, 77 

Digitalis purpurea, 61, 62 
Dtospyros kaki, 128; 128 

Diploon, 466; cuspidfttum, 466, 467 
Dipterodendron departs, 544 
Ditrichum pallidum, 162; pusillum , 92 
Doixik, H. ().: A curious fungus on Opuntta, 
219. Helf sterility in “bisexual” hetero- 
canons of Xcnrospora, 410 
Dodonea riscosa, 362 

1)ri4cxislkr, Charles: A liematode destroy 
ing phycomyecte forming immotile spores 
in aerial evacuation tulw'S, 1. A species 
of Harptisporunn invading its nematode 
host from the stoma, 557 
Drosera an plica, 65; longi folia , 66; ro 
tandifolia, 66 

Dryopteris filu mas, 66; intermedia var. 

concordiana, 594; marginalis, 66 
Dubautia planiaginea, 188-192; var. 
gustifolia . 191, 192; var. chamissonis , 
188-192; var. glandulosa, 192; var. 
pauoaensis, 192, 193; var. strigosa, 192, 
193; var. typica, 188 
Dumontra calvadosh, 430 

Ecclinusa exlmia, 310; fclugii, 311; oppo- 
slta, 311; pumlla, 311; rami flora, 311; 
rufocuprea, 311; ulei, 311 
Eccrinia longa , 12, 13; moniliformis, 12 
Effect of colchicine and aoenaphthenc in 
combination with X-rays on plant tis 
sue—IT, 34; III, 167 
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Kmbryological formulas in plant taxonomy, 
351 

Emilia, eytogeography of, 18; vaccinia, 
18-23; mnchifolia, 38-23 
Enterobryus attenuates, 32; compressus, 
13; elegant, 12, 33; spiralis , 32, 33 
Enteromorpha ortnila , 76, 77; flexuosa, 76, 
77; intextmalis, 74, 76, 77; lingulata , 
77; prolifera, 76, 77 

Entodon drummondii , 158, 364; suluctriJ, 
159, 164 

Ephemera m m< galosponnn, 363; xerratvm , 
163 

Equixetum arvense, 219 
Engeron canadensis, 66 
Erpodium bisenatnm, 362 
Ervsiphaeeae of ('Irina, Further studies on, 
108 

Erysipke ctchoracearum, 108, 109, 111, 112, 
128; fnliginta, 112; gram in is, 312; 

humuh, 108; japomca , 126; koelreuteriaf , 
125; lamprocarpa, 111, 112; plantaginis, 
111, 112; polygon t, 113; var. epimedii, 
113, 116; tatarf. 111, 112 
Erythea aculeata, 361 
Erythnna Montana, 459 
Eupatonwm pcrfohatnm, 66; purpim inn, 
<56; var, maculaturn, 66 
Euphorbia aff. trt smuruii , 358, 359 ; multi 
formix , 185; rcmyi, 183 
Eurhynchium hians, J64; rappn , 164; am 
rnlatum, 164; stngnsum, 92 
K\ a lunt ion of taxonomic characters of 
eultivated Jirasstea with a key to species 
and varieties—1. The characters, 244; 
II. The key, 370 
Eys* vhardtw reticulata, 468 

Fa bronin ra tv «Wit, 165 
Fag us japomca , 121 

Fnskett, Norm \.v (\: Gtycina pallida and 
(r. fcrnaldn , 463 
Fibroerntrum ylaztoriavum , 295 

subg. Xeomorphe, 318, 319; in ngal 
< nsi*, 89; cartca, 312; caudtciflora, 320, 
323; caulvbotryu , 86; chittagonga , 323; 
cunea, 314; descameana, 314; franguhna, 
317; garctac , 317; geniculata , 87, 89, 90; 
glomerata, 312-323; var. chittagonga, 
318, 319; var. elna/yafn. 319, 320;' vat. 
goolercca, 319, 323; var. mtquehi, 319, 
323; var. mollis, 319, 320, 323; gaoler< ea, 
31-9; indica, 86, 89; infect aria, 86-90; 
teeor, 87-90; lanceolate, 32U; leucan 
tatoma , 88, 89; leucatoma, 88; htcexccns, 
320, 323; minahassee, 317; mollis, 323; 


racemose, 312-322; ease of the vaniali- 
big, 312; var. elongata, 322, 323; var. 
mollis, 322, 323; var. typiea, 322, 323; 
var. ve*ca, 322, 323; ngida, 90; saemo- 
carpa , 317; surattensis, 86; var. mala- 
barica, 86; trematocarpa, 314; tricho- 
carpa, 321, 323; tsjahela, 86-90; varie - 
/yafa, 317; 86, 88-90; nesca, 320, 

323 

Field trip reports, 378, 379, 590-594 
Firmiana simplex, 118 
Fissidenx aduintotdes, 162; bushii, 162; 
minutulns, 162; osmttndioides, 462; pel¬ 
lucid us, 162; poly pod iotdes, 160, 162; 
ravenelu, 162; snbbasilaris, 162; sub- 
crniatus, 157, 162;* vir id id us, 162 
Fontinalis daleearlica, 165; disticha, 165; 
HitUiranU, 158, 165 

Forsstronma tnchomitna, 158, 165; var. 
immersa, 165 

Fouquierta macdougah, 362 
Fraxinus chmensis, 129 
Fucus dcnticulatux, 73; tduhs, 73; gala- 
man, 73; nutans, 73; piohfertts , 73 
Fnnaria flaricans, 163; hygrometnea, 163; 
s< irate, 163 

Fungicides, physiological and biochemical 
basis for lescarch on, 339 
Further consideration of glandular leaf 
hairs of tobacco and of their significance, 
224 

Further studies on the Krysiplmeeae of 
(’ll inn, 108 

Fusannm oxysporum f. lycopt rsict , 341, 843 

(ianya laimfoha, 358, 360 
(Audituna procumbent, 66 
Gkvtky, Howard Scott: Anomalosicyos , 
a new genus in Oueurbitneene, 565. Notes 
on the vegetation of Sierra Surotato in 
northern Sinaloa, 451. Sierra Tacnicha- 
mona—a Sinaloa plant locale, 356 
(A ran ui m macula turn, 66 
(iii.RF.RT, Wjluvm J.: Studies on Philip¬ 
pine Cltlorophyeeae—II. Survey of litera¬ 
ture and list of recorded species prior 
to 1940, 73 

(Aha aggregata group, 194; aggregate, 
194-197, 199, 201, 202; subsp. maggre- 
gala, 198, 200-202; f. pulchella, 199, 
201; subsp. formosissima, 196, 198, 201, 
202; f. aurea, 196, 201, 202; f. maculate, 
199, 201; a won tea, 196, 197, 200-202; 
attenuate, 193, 196, 198, 201, 202; f. 
helleri, 198, 201; f. ventrensia, 200-202; 
bridgasii, 197, 201, 202; Candida, 195, 
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197, 200-202; f. leuCMltha, 198, 201; f. 
scarioss., 199, 200; Candida collina, 197, 
201; Candida vera, 197, 200-202; collina , 
198; rubra , 202; temituba , 195,199, 201, 
202; f. nutcrosiphon, 199, 201, 202; f. 
utahensis, 200, 202; f. violacea, 200; 
tcmna, 195, 197, 198, 200-202; f. llavida, 

198, 201, 202 
Glomerella cmgulata, 343 

Glycena fernaldn, 463, 464; neo^aea, 463; 
pallida , 463, 464; var. fernaldn , 463; 
stricta, 463 

Oonimoahaete, 14; horridula, 3, 4, 15 

Gordoma lasuinthua , 29 
Gossypwm arboreum , 372; barbadettse, 
372; herbaceum, 372; hirsutum, 372 
Gottlieb, David: A physiological and bio¬ 
chemical basis for research on fungicides, 
339 

Gr/i/ua caff rat, 346; tnonhcola, 346-348 
Gtossularia domesttea , 314-316 
Guana rhopalocatpa, 542-546 
Guatnnna ulnufoha , 358 

Eatmatoxylon brasdetio, 338 
Hahcoryne wrighta, 75, 78 
Eahmeda cuncata, 74, 75, 78; discoidia, 
73, 74, 78; gtanhs, 75, 78; manoloba, 
73, 75, 76, 78; opunha , 74-76, 78; /mm, 
75, 78; f. platydnca, 73 
Eaplohymnmtm inste, 157, 160, 161, 164 
Eaptoglossa hcltrospora, 8 
Harposportum anquillnlai, 1, 557, 539, 363, 
bysmatospoi um , 358; diccrutuai, 559, 
563; heUcoults , 557; oxycoracum, 539 
Eartmannia spcciosa, 589 
Efdeoma pule gioidcs, 63, 67 
E chant hus annuity 132 
Eelmmthm'ladia calvadosn, 430, 433; 
varxcaia , 430, 431, 433; hndsom, 434; 
papenfussu, 430, 433; purpurea, 433 
Ermcrocalhs , tyjies of anthqpis m, 134-134 
Hei barium specimens, artificial heat in the 
preparation of, 235-243 
Heterocaryosis, mating type factors, and 
sexual reproduction in Neurospora , 397 
HrterophyIlium haldamanum , 92 
Hibiscus mntabihs , 108; syriacux , 108 
Eomalotheciella fabrofoha, 158, 165; a«5- 
capillata, 164 

nvrdevm vulgar?, 113, 559, 564 
Hydrastis canadensis, 67 
EyoMcyamus mger, 62, 63, 225 
Hypennm pcrfoUatum , 67 
Hypnum cupresstf ormt, 164; paticnUae, 
164; pratertse, 164 


Eypomyces solam f. cucurbit*?, 406, 407 
Eypoxylon pmctatutn , 594 

Ilex glabra , 29; laevigata , 29; lucida t 29; 

verticillata , 205 
Impahrns balsamma , 108 
Imperatona ostrutlnum, 588 
Index to American botanical literature, 96, 
208, 327, 381, 481, 595 
/n#a erwearpa, 460 
/iw/a hclenium , 67 

Ipoaxoca arborise ns, 358; var. pachylutea , 
456, 460; dtcasperma , 459; hederacea , 
225 

Ipomopsis lubra , 202 
/m t 'tricolor, 67 
7/<a virgimca , 29 

Jacaianda copaia 4 545 
Jatropha gossypifoha, 588 
Jerome Bog, a peat filled “Carolina baj, M 
24 

Juglans major , 460 
marqinatU'S, 12 

Juncus iff us us, 204; tunns, 204 
Jr»T, Theodore. The use of embrjologieal 
formulas in plant taxonomy, 351 
Justicui soli uuftota, 360 

Kahuna anqu*tifolia, 29; lahfotm , 205 
Klaprothca an nlrehoults, 461 
Kocln uteno bipmnata, 125, 126 

Lactuca (U bills, 111; ,s tolomfna, 589 
Lagcrstrocaua tudicu, 129 
Lantana horrida , 358, ivluhna, 337, 338 
Lalhytus It acanthus, 461; palustns, 113 
Lama virgunca, 203 
L< nidi react u us niontanus, 457 
Lemna an not, 93 
Leashes befuhna , 406, 407 
Lconutus sibirica. 111 
Lfptodictyon ripanum, 164 
Li slta aushaliH, 164 
Lmcas cihata, 129; favanica, 111 
L<ucobryuai albulum, 163; glaucum , 163 
Leucotlon fulaccus , 158 
Lcvctllula taunca, 125, 128 
Lbvink, Michael : The effect of colchicine 
and acenaphthene in combination with 
X rays on plant tissue—II, 34; til, 167 
Liagora fannosa, 431; lubrwa, 420; m 
m/a, 433 

Ligustrum htculum, 129 
Lmdera mcgaphylla , 117 
Lippxa lanceolate and other unusual plants 
at Cross Lake, New York, 92 
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Literature, Index to American botanical, 
96, 208, 327, 381, 481, 595 
Lilhoiwrpus dealbata , 109 
Lobelia inflata, 67 
Luvuma pallida , 467 
Lycnrn chmense, 129 
Lycopersicum esculentvm, 129, 499, 535 
Lycopodium clavaUtm, 67 
Lyonia ligustrma var. folrosi flora, 29 
Lysdoma divaricatnm, 358; U'atsom, 358, 
459 

Lythrnm ml tear ia, 92 

Macrosporunn sarcmaeforme, 343 
Magnolia sehti deana, 458, 460; nrgmiana , 
29 

Mmu t ire, Bassett: Studies in the* Cary* 
ophyllaccae—I, 326 

Maher, Sister Maria hArRENrE; The role 
of certain eiiviiomnental factors in 
growth and reproduction of Protosiphon 
botrgoidis Klebs—I. Races, strains and 
clones, 573 

Mains spt ctabihs, 111 
Malm nt gleet a, 67 ; rotvndtfolia , 67 ; nrti 
rdlata , 129 

Man ilka t a < maigmata, 467; subbp. haitni- 
six, 467; jaiwtqui subsp. emaxginata, 
467; subsp. haitensis, 467; subsp. jaimi- 
qui, 467; subsp. wrightiana, 467 
\faranta m undinana, 461 
M\UTI\, J\MKs s.: Notes on Trifohum, 
366 

Mahwaria ehamomda, 67 
\f VTZKF, Edwin B.: ('ail tou Clarence 
'Mirtis, 1864-1945, 103 
Ma?it* rt plans, 589 
Mt dicapo saliva, 129 

Medicinal herbaceous species m the north 
eastern Vuited States, 60 
Vmtha piptnta , 68; s/neata, 68 
Mi nyantius trifohata , 08 
Mi ristaeinm ash rospi mum, 10, 11 
Mktzner, Jerome (Review), 378 
Microdichjon clathratum, 75, 77 
Microplwhs puyantnxi s, 311 
Af lerosphana aim, 114, 115; var. dentatai, 
115; var. ludoxx, 118; aim raloela 
dophora, 115; benzoinis, 117, 119; ber- 
beridicola, 115, 116; berberidis , 117; 
blastt, 117,119; bidentxx, 115; decaisneat, 
115; (hvancato, 115, 117; euphorbtae , 
118; grosxulanae, 115, 117; lonieerae , 
115; robini&e, 118, 119; sophorae, 115, 
117; umbilici, 118; ro«*&rnwtmwa, 115 
A# i mows palmer i, 358, 362 


Mhnulus verbenaceiu i, 461 
Mimusops jaimiqui, 467; wrightiana, 467 
Minutes of meetings of the Club, 93-95, 
207, 379, 380, 472-478 
Mirabilis jalapa , 129 
Mitchella repens , 68 

Mittenothamnium diminutivum; 157, 160, 
164 

Mmwm ojjlnc, 92, 164; cuspidatum, 92 
Moldenkr, Harold N.: Another station 
for Lactuca stolon if era, 589. New and 
interesting plant records, 588 
Momordica charantia, 109, 129 
Monachino, Joseph [Review], 205-207 
Monlanoa patens, 360; sp., 358 
Morns alba , 128; australis, 128 
Mosses of Georgia—II. The coastal plain, 
155 

MrENsfHEB, W. C.: Lippia lanceolata and 
other unusual plants at Cross Lake, New 
York, 92 

Muhlenb* rgta emtrsleyi, 361; gracilis , 361; 

rigida , 459 
Myriea cinfera, 29 

Myrxmc grisebachu, 302; marginata, 302; 

manghlla, 311; schomburgkiana , 468 
Musocytum venmcolnm , 8 

Kaias midtidentata, 365 
A a ms arguta , 363, 364; its relationship to 
A', wrightiana, 363; guadalup<nxis, 364; 
minor, 93; multuUntata, 365; wrightiana 
subsp. multident&ta, 365; subsp. wrighti¬ 
ana, 363-365 
Nasturtium officinah, 516 
Na\lor, Ernst E. : Minutes of meeting of 
the (Mu»>, 475 

X filiation multifidum, 430, 433; ramulosum, 
420 

Nematode destroying phveomycote forming 
immotile spores in aerial evacuation 
tubes, 1 

Xepeta eat ana, 68 

X< uroxpoia, heteroenryosis, mating-type 
factors, and sexual reproduction, 397; 
self sterility in “bisexual ’’ heterocarv- 
ons, 410; crassa, 397-408, 410; sitophda, 
401, 404, 405, 410-416; ttlrasptrma, 
397-408, 410 

New and interesting plant records, 588 
News notes, 379, 478-480, 594 
Xieohana tabaeum. 111 
Nomenclatural notes and a new species of 
Cuscuta, 570 

Notes on the grasses, sedges and rushes of 
the Great Swamp (New Jersey), 203 
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Notes on the mosses and lichens of the 
Great 8wamp (New Jersey), 03 
Notes on the vegetation of Sierra Surotato 
in northern Sinaloa, 451 
Notes on three South African rusts, 346 
Notes on Ttifolium , 366 
Noteworthy plants of Texas—V. Additional 
Psoraleae, 131 

Nyeterisitio7t argentcum, 300; fcrrugineion, 
306 

N ysw hi flora, 29 

Oenothera lamarekiana, 499, 516 
Oidinm , 129 

On the use of artificial heat in the prepara¬ 
tion of herbarium specimens, 235 
Opvntia , A curious fungus on, 219; am- 
mophila , 219-223 
Orropanax pcltatvm , 460 
Origin of the mierosporanghim of Pst udo 
tsnga , 547 

Ostrya rirginiana , 458, 460, 461 
Oxalis corniculata , 130 
Oxy three axnbelaniifolla, 310; fab n l is, 
467; ferreirii, 468; glaucescens, 310; 
hahiuanum , 467; leptocarpa , 311; pal¬ 
lida, 467; schomburgkiaxut, 468 

Pachyctrcun pecten-aboriginum , 359 
Panax pseudo-ginseng , 130; qnhujurfohuni , 
68 

Panicum agrostoides , 92, 93; dichotmnum , 
203; lindheinieri var. fascieulatnm , 204; 
microcarpon, 203 
Papaver somniferam , 434 
Papknfi*sk, George F.: Proposed names 
for the phyla of algae, 217. Structure 
and reproduction of Trwhoglot a requi 
enh , with a comparison of the genera of 
Helminthoeladiaeeae, 419 
Parataeniella intermedia , 13 
Parosela carthagmensis , 572; domingt nsis, 
80-85; emphysodes, 85; noicandray 133; 
floridana , 80-85; humilis , 85; 

anthera, 133; pogonathera , 133; thyrsi- 
flora , 84, 83; walkerae, 133 
Paspalinn phcatuni , 457 
Pauloivnia fomentosa, 118, 128 
PedilanthUs lubescens , 358 
PcJ/a ribesioidesy 86, 88 
Peronospora tabacina , 417, 418 
Persea pubescens, 29, 32 
Persicaria longiseta , 588; iomentosa , 588 
Perymemum, stenophyllim , 460 
Phaeopsi 4 montana f 186 
Phakopsora grewiae, 347, 348 


Phenax h iritis, 359 

Phihnotis glaucescens , 164; longiseta, 164 
Phycomyces blakesleeanus, 478 
Phyeomycete, nematode-destroying, 1 
Phyllactinia corylea , 121, 125, 126, 328, 
129; var. subspiralis , 126, 127; imperi¬ 
alist 129; salmonii, 128, 129; subspiralis , 
126, 127 

Phyllostegia glabra , 186; yamagvclui , 186 
Physcomifrtum lurbinatum , 163 
Physiological and biochemical basis for 
research on fungicides, 339 
Pk*ca eanadewsts, 205 
Picramnia antidesma , 460 
Picrasma quassioides , 114 
Pfcn* mariana , 29; nitida % 29 
Piwas ayacahuita , 458; lumhnltru, 458; 
macrophylla , 458; nocar pa, 438; pal us- 
iris , 25; pseudoslrobus , 458; stroUna , 
28; strobnsy 205 
Pisonta eapitata , 358 
Piston sativum, 113 

Pithecolobfum sonorae , 358; tort uni , 338 
Plagtothccnim graph if into 164; imeans, J58, 
164 

Plant ago major , 111, 112 
Plalanus racemosa , 460, 463 
Plat y pyrin m repens , 157, 160, 161 
PUciranthus erwcafyx, 133 
Pit cl us parvus , 563 

Pleuridium raventhu 162; stihtdafum, 162, 
592 

Plumeria rubra , 359, 361 
Poo compressa , 203 
Podophyllum pellahtm y 68 
Podosphat ra leucotricha , 111: tixyacunthat . 
Ill; tridaetyla , 111 

Pogonatum brachyphiflhnu. 158, 162; /><« 
sdvattictm , 162 
Pohha nutans, 92 
Polygala senega , 68 
Polygon um nodostt no 113 
Polyphysa spreata, 75, 78 
Potypodium virgnoannm f. rambrteoides , 
594 

Polytrichioi{ commune, 92, 137, 162; jw/i* 
ferum, 92 

Popnlns simomiy 114, 120 
Pouteria caycnnensisy 310; crotonoidt s, 
330; engleriy 330; gardnrrt , 310; hifle^a, 
470; macrophyllay 311; minutifloray 311; 
obscura , 470; pallida , 467; reticulata, 
311; subsessilifolia, 468, 469; trilocu- 
l&ris, 469 

Pradosta glycyphloea, 311, 470, 471; ia- 
ophylla , 311; ZaWcweR#, 310; mutisii, 
470; schomburgkiana, 331 
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Principle utUis, 128 

Proceedings of the Club, 93, 207, 379, 380, 
472*477 

Proposed names for the phyla of algae, 217 
Protascus subuhfornns, 9 
Protosiphon botryoides, environmental fac 
tors in growth and reproduction of, 573- 
587 

Prunella vulgans, 460 
PrnnuH eortopiro , 360; persiea , 111 
Pscudotsuga, origin of the microspo 
rangium of, 547-556 
Psidmm mollc, 362; sarlorianum, 358 
Psittaoanthus macranfherus, 461 
Pmraita carthagnirnsm, 572; emphyxodtH, 
84, 85, 572, hnmihs, 84, 85; ocadenlahs , 
84; phymatodcx, 84, 85; xcandtns, 83 
Psora leae of Texas, 131 
Psorahdunn flonbundum , 132, hut an 

folium , 132; var. palodurenae, 132; var. 
texense, 132; obtimlobvm , 132; Unui - 
flout m , 132; youngiae, 131 
Ptfrulunn latiuxculum , 28 
Pit rocafya stsnoptera, 128 
Piychomitrmm drummondn, 158, 163; in 
curium, 163 

Punana yunnant nsis, 119, 127 
Pi/nis (HtHha, 128; strotma , 128 
Pythium arrhenomtuus, 339; ultimum , 1; 
undulatum, 1 

Q uncus afbocmcta , .162, 460; acutixsima. 
Ill, alimta , 128, bat am , 126; rundi 
coax, 458; caUsban, 25; chihuahunmx, 
.162, 460; ddavayi, 109; duri folia , 458; 
nidhchiana, 158, tpthuca, 458; fabri, 
114, 121; g< ntryi, 458; glauca , 110; pal - 
It set n v, 458; /a M/m< mm, 158; .s chottk y 
ana , 113; tubcrcnlata , 460 

Bauunculus ficaua, 590 
Hvh% J \nkt h. <\ Notes on the glasses, 
sedges and rushes of the Great Swamp 
(New Jersey), 203. Notes on the mosses 
ami lichens of the (heat Swamp (New 
Jet soy), 91 

R\ei\ William F.; Notes on the grasses, 
sedges and rushes of the Great Aw amp 
(New Jersey), 293* Notes on the mosses 
and Lichens of the Great Aw amp (New 
Jei»e t v), 91 

Hal t ncha atridts, 346; bottomh ym, 348 
Bnnwardtta trigytu, 128 
Remarks upon certain Hawaiian Labiatae 
and Coinpositae, 184 
fianijia ptdunculata, 61 


Review of the status of several Ameiican 
species of Dalca, 80 
Reviews.; 

A catalogue of Illinois algae, 378 
Plantas medieinales, aromaticas o vene- 
uosas do Cuba, 205-207 
Turtex microscopy booklet, 480 
fihabdttis, 557-564 * 

Rxckett, H. W.: Editorial note, 91 
Raphanwtrum inocvum var. album , 589 
Blnzogonum spint forme , 160, 164 
Bhododendrum carohnmnum , 205; masi 
mvm r 205 

fihoicutxv* crjxtata , 349; hoi way t, 349; 

rhomboids a, 349 
fihv* allophylloidcs, 459 
Bhynchostcgiclla georgiana , 162, 164 
Rmnu* eommunut , 545 
Bobinui pxt udo-acacta, 118, 130 
Role of certain environmental factors m 
growth and reproduction of Proloxtphon 
hot) yotdcs Klebs—I. Races, shams and 
clones, 573 

fiosa ratitna , 68; centifoha , 109; multiflora , 
109, rugosa , 109 
fiubia onrotrica, 130 

fiubu s alUgh< mcnsis, 69; canndensi*, 69; 
idat us, 69; vai. anilcatissimus , 69; oca 
dnilahs , 69; stngosus, 69 
Burnt t rnspus, 69; obUmfohus , 69 
Rusts, South African, 346 

Sabal ro\< i , 363 

St John, IIvkolo. Tinian plants collected 
In R. S. Cowan, 588 
Salu ualhchiana, 120 
Salvia officinalis, 62, 63 
Sambucus adnata, 133; chnttnsts, 117; 

japonica, 117; roes mom, 590 
Sangmnai in canadensis, 69 
S\NbOMif, Eva Richardhon: Heteroeary 
osis, mating type factors, and sexual 
repioduttion in Xauoxpota , 397 
Sarraccma purpart a, 28 
Sapota gonocatpa , 294 
Sapotaceae, studies in,— V, 286; VI, 465 
Sarcaulus brasthensts, 310, 313 
Stunfraga nrginunxis, 590 
Schlolht tuna sulltvanta , 158, 363 
SaiOKNUFRNT, RrTH O.: The mosses of 
Geoigia—IT. The coastal plain, 355 
Schu'i tschlropsix denticulate, 158, 165 
ScMiromvm ft scum, 158, 164 
Scirpus arntricnnus , 92; atrovirens, 204 
Scln'otima fructtcola, 340, 343 
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Sedum pule helium, physiological and mor¬ 
phological comparison of diploid, totra- 
ploid, and hexaploid races, 495 
Self -sterility in u bisexual *’ beterocaryons 
of Neurospora , 410 
Sematophyllum adnatum , 104 
Senecio aureus, 69, 592 
Sequoia sempervirens, 479 
Semmum tndicum , 225 
Sharma, A. K.: Cytogenetics ot* Datura 
fast mm L., 438 

Hherff, Karl Edward : Remarks upon cer¬ 
tain Hawaiian Lahiatae and Compositae, 
184 i 

Sicyos andreanus , 509; fumformu, 509; 
macrocarpus, 569; martii, 569; palma 
tilobus, 569; qtimquelobaUts , 509 
Sicbtroiylon bohvwnum , 294, 470; rdtcu- 
Jatum, 294 

Siegesbeekia oruntalw , 130 
Sierra Surotato, vegetation of, 451 
Sierra Tacuichamona—a Sinaloa plant 
locale, 356 

Stnapis alba , 245, 246. 248, 250-253, 201, 
262, 266-269, 271-277, 371, 370 
Simarouba amara , 544 
Sister Maria Laurence Maher: The role 
of certain environmental factors in 
growth and reproduction of Vrotomphon 
boiryoides Klebs—I. Raees, strains and 
clones, 573 

Sisyrmehium amomeum, 460 
Skierlca robusta, 349 

Skituh, Alexander F.: A compound leaf 
with annual increments of growth, 542 
Sloanea emargmata , 467 
Smilaz laurifaha, 28. 29 
Smith, Harriet E.: S<dum pnlrhdlum: a 
physiological and morphological eompari 
sou of diploid, tetraploid, and Hexaploid 
races, 495 

Solanum amazonivm , 338; dulcamara, 69; 

lycopermcum , 499, 535; nigrum , 499 
Solmsiella bwerrata, 162, 163 
Sonchus arvcMW, 111, 112; oleraeea , 130 
Sophora ^dponica, 121, 130; vmifolia , 130 
Spathodea campanula!a, 544 
Species of Harposporium invading its 
nematode host from the stoma, 557 
Sphaerotheea fuligtnea, 108-110; hutnuh , 
109, 110; fcwortm, 109, 111, 116; paa- 
nosd, 109, 110; wrightn , 110, 111 
Sphagnum cuttpidahtm , 165; cyclophytlnm, 
165; henryense, 158, 165; macrophyllum , 
358, 165; magellanwum , 365; palnstre, 


165; portoucense , 158, 165; recnrvttm , 
165; stnrfwm, 165; mbstcumUtm, 165 
Spiraea ulmana, 230 
Sptmdtas lutea, 345 

Sporangiul propagation of blue mold fun 
gus on nseptically grown tobacco seed¬ 
lings, 417 

Spumula bottoxnleyae, 347; elenunsiar, 
349; quadnfida, 349 

Steinberg, Robert A.: Sporungial propn 
gation of blue mold fungus on nseptically 
grown tobacco seedlings, 417 
Steuogyne kaalae, 186; vnr. eonacea, 186; 
mollis, 185, 186; rw.oosa, 185-188; vnr. 
mollis, 185; \ar. subnlata , 186—188; 
Hherffii, 186 

Stf r<ocan1on piltatnm , 594 
Htoi t, A. B. : Types of anthesis in Demerit 
calhs and their heredity In F, hybrids, 
134 

StreptoHoaum agile , 13 
Structure and reproduction of Tnrhoglom 
riqutemi, with a comparison of the 
genera of Helminthoeladuieene, 419 
Studies in the <’a ryophv l la cone—T, 326 
Studies in the Sapotaceae—V, 286; VI, 465 
Studies on Philippine Chlorophyeene--lI, 
73 

Styrax argentnis, 458, 461 
Sun, Von <5ee: Evaluation of taxonomic 
characters of cultivated Brassica with a 
key to specie* and varieties—T. The char¬ 
acters, 244; II, The key, 370 
Symplocarpus fodidus, 69 
Syrrhopodon florulanus, 163; hgulatun , 157, 
159, 160, 363; texaniut, 138, 163 
Syzygiopsis oppositifohu, 471; serlcea, 471 

Tabebma chrymntha, 358; pal tin ri, 337, 
362 

Tai, i\ L.: Further studies ou the Krv 
siphaeeae of Filina, 108 
Taraxacum officinale, 70, 328; or k Utah , 
308 

Taxonomy, embrvological formulas m, 331 
Tetraplodon penttylvanicu *, 158, 159, 163 
Thallrtrum delavayt, 113; relieulatum , 113 
Tharp, B. 0.; Noteworthy plants of 
Texas—-V. Additional Psoraleae, 131 
Thelastonomm attenuatum, 13 
Theha asprdla, 164; htrtdla , 158, 164 
Thirumalaohar, M. #?.: Notes on thrive 
South African rusts, 346 
Thuidtum delicatulum, 165; mierophylhm, 
165 
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Thymus scrpyllum, 70 
Tillandxut inflate 455 
Tinian plants collected by R. B. Cowan, 588 
Tobacco, glandular loaf hairs of, 224-233 
Torroya, 91, 203, 378, 472, 588 
Torreya I an foil a, 552 
Toriel I a hu milts , 163 
Tortula pay am m, 160, 163 
Tradcscantia canahculata, 490; occtdtnfa 
lis, 499 

Tretopileus ojrantiae, 219-223 
Trwhodf rma viridt , 342 
Tnchoglota hibrica , 419, 420, 422, 423; 
rtquinnt, 419-436; stmeture and repro 
duction of, 419; subnuda, 419, 420, 422, 
423, 425, 427—430, 433 
Trifolium , notes on, 366; gy in nocarpou, 
366-368; vur. gymnocarpon, 366, 867; 
f. plummt rat, 368; var. plununerae, 366- 
368; var. subcnulrscens, 366; Itmmoni , 
366; plummt rat, 366, 368; phnnosum , 
367, 368; \nr. amplifolium, 368, 369; 
var. phnnosum, 368; pratcnsc, 70 
Tnlhutn trtclum, 70 
Trtadui flora . 203 

'Inpsacum ductyhndts, 594; lav cud at urn, 
361 

Tritmun arsttvum, 113 
7 numfrtta chthuahnrnsis, 459, 460 
Trapacohnn majus , 128 
Tsuqa canadtnsts, 205; carohntanum, 205 
7 urputui occult ntahs, 545 
7 tfSAi/nye farfara, 70 

Tvpes of anthesis m Jit mt wraths and their 
heredity in F, hybrids, 134 
Tiiphulachof ta japomcn , 125, 126; koelreu- 
teriana, 125 

Udotca at quilt a var. spumosa, 76; 

/«/if, 76*, 78; or uni alts, 76, 78; sordtda, 
74, 78 

Vhn us pu mila , 118 

r/rn comprtmi . 73; tactuca, 76, 77; infest i 
nahs, 73, 77; rtticulata, 73-77 ; utnbih 
cahs f 73 

Uncinula acalyphae, 116, 123, 124; wm*, 
324; austrahana , 125, 129; bulbosa , 125; 
carpintcota f 122, J23; ccdrclat, 120; 
clmdcsUna, 124; dinfotin, 1.18, 125; 
eumspow, 121; dtlavayi, 118-320, 325, 
130; vnr. codrelae, 119, 125; var. nodu* 
loaae, 120, 125; rhrctiac f 123, 125; 
fraxini , 124; gt niculata , 122; kenjiana , 
118, 124; froWrewfermr, 121. 125, 126, 
130; mandshunca , 120, 121; mt.ytfbct, 


320, 125; var. aleuutxs , 125; won, 125; 
nankinensis, 124; nccator, 124; poly* 
rhacta , 126, 127; polyfida , 124; sahcis, 
120, 121, 125; sahas-graciUstylae, 125; 
scngokiti , 121, 125; septata , 121, 124, 
326; shiraiana , 126, 127; simulant*, 124; 
sinensis, 123, 122, 124; tulasnti, 124; 
rcrmcifcrae , 116, 122 2 123, 125; yunnan- 
tnsts, 323, 125 
I T nctnulclIa curvispora, 121 
Vncrnulopsis polychacta, 119, 126; 

a/ia, 126; subsptrahs, 125 
Tr*do grcniar, 347, 348 
I'rcna lobala, 130 
f r >vra caracasana , 359, 36)0 
Vrgmta marittma , 62, 63 
Vroshgma caulobotryum, 86, 89; cciy/o 
nenst, 86, 89; vnfectorhm, 86, 90; 1«c/a- 
cews. 320, 323; rigulum , 90; ts fain la, 
86, 89 

Vrltca anqusti folia var. abbrtriata , 130 
l T »e of cinbnologieal formulas in plant 
taxonomy, 351 

Faref/mm australc, 29; corymbosum. 205; 

rrasttifahum , 29 
Valtnana oflictnahs , 62, 63, 73 
Valonia fastigtata, 75, 76, 77; macrophysa . 

74, 75, 77; ulncnlaris, 74-77 
Vtratrum undt , 70 

I'trbascum phlomoides , 70; thapsus, 70, 
230 

Vnbtnu hastata, 70 

Ihiomca chamacdrys , 591; hunufusca, 591; 
p# rsten, 589 

Virburnum dcnlalnm , 205; nudum, 29 
rtcia (lasycarpa , 113; crnlla, 113; 

113; grandiftora var. sordula, 588; 
moat ha, 113; saftra, 113; tcrasptrma, 
113; itntiuga , 130; rdlosa , 113 
Vtgna snunsu s, 130 

J’lo/a blanda , 590; hastata , 592; lanao- 
lata, 592; «<or»c.nran«, 461; pa/matrt, 
590; pnmifoha, 592; rotffrafa, 590 

VN \lker, K<iBKRT II.: Additional introduced 
plants in the Aleutian Islands, 204 
Wuxta vtridufa , 158, 163 
ffWtnbwefcm witrabibs. 545 
Wherky, Eikjvr T.: The Yri7m aggregata 
group, 194 

Wonr, Frederick A,: Further considera¬ 
tion of glandular leaf hairs of tobnceo 
and of their significance, 224 
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X rays, Effect of in combination with Zatnla edmuta, 204 
colchicine mid acenaphthcne on plant Zenobia cassinefoha , 28, 29 
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